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ABSTHACT 
An account i s given of the use of a computerised database approach t o 
the study o f the chemistry and botany of streams w i t h a pH a t and below 4.0. 
the SIEUR (Stream I n f o r m a t i o n Entry, Update and Ret r i e v a l ) system was designed 
and implemented on the Northumbrian U n i v e r s i t i e s IBM System 370 computer 
running under the M.T.S. operating system. SIEUR has been used t o st o r e 
approximately 2500 water chemistry and 2700 b i o l o g i c a l records. Of these, 269 
chemis t r i e s and 125 b i o l o g i e s were c o l l e c t e d from 10 m reaches from four 
c o u n t r i e s where the pH was a t or below 4.0 on the day of sampling. 
P r i n c i p a l component and c l u s t e r analyses of the aci d chemistries 
suggested t h a t they may be grouped together, based on the l e v e l o f the various 
c a t i o n s measured. Ttiis grouping f o l l o w s c l o s e l y a geographical breakdown of 
the s i t e s and i s probably a r e f l e c t i o n o f the mining associations of the 
m a j o r i t y o f the s i t e s . There was no s i m i l a r grouping of the b i o l o g i c a l 
samples. D e t a i l e d examination of the d i s t r i b u t i o n of 30 photosynthetic 
species v*iich occurred l i v e suggested t h a t four p a t t e r n s of r e a c t i o n t o low pH 
e x i s t e d . 
I n the design and p r a c t i c a l a p p l i c a t i o n o f the SIEUR syst«n t o the 
i n v e s t i g a t i o n of the acid datasets several problans and some s o l u t i o n s were 
i d e n t i f i e d . The need to date, time and l o c a t i o n stamp a l l data a t a l l stages 
of the analyses was apparent. SIEUR provides an "expansion f a c i l i t y " t o 
overcome the problem of chanical and b i o l o g i c a l sampling not necessarily 
o c c u r r i n g together on the same day. By the use of t h i s f a c i l i t y the user can 
s p e c i f y the leeway by which chemical and b i o l o g i c a l samples from the same s i t e 
are l i n k e d t o each other i n terms of date o f sampling. A major design 
c o n s i d e r a t i o n was the need to i d e n t i f y s t r u c t u r e i n the data and t o be able t o 
s t o r e and r e t r i e v e t h i s as data. During the use of the system the need f o r 
comprehensive s t a t i s t i c a l and grapi^iical f a c i l i t i e s was apparent. The d e c i s i o n 
t o provide i n t e r f a c e s t o e x i s t i n g packages t o do t h i s , rather than provide 
i n t e g r a l f a c i l i t i e s was f u l l y j u s t i f i e d i n terms o f the f l e x i b i l i t y obained. 
page 4 
ACKNOWLEDGEMENTS 
I have tremendously enjoyed doing t i l l s t h e s i s and i t i s w i t h pleasure 
t h a t I acknowledge the many people \Aio have helped me. I am of course 
e x p e c i a l l y g r a t e f u l t o Dr B.A. Whitton, my research supervisor f o r h i s help 
and guidance throughout the work. Many colleagues were involved i n d i s c u s s i o n 
of a l l aspects o f the p r o j e c t and gave valuable advice p a r t i c u l a r l y Dr N.T.H. 
Holmes, Dr J.W. Hargreaves, Dr E.J.H Lloyd, Dr M. Hughes, Dr P.J. Say, Dr 
J.P.C. Harding, Dr A. Donaldson and Dr B.P. Jupp. I would also l i k e t o thank 
the many people involved i n processing the data ready f o r t i i e computer and i n 
p a r t i c u l a r Mrs S. Harding, Mrs D. K i r b y , Mr A. Waugh, Mr J.G. Grabham, Mrs M. 
T r i n d e r , Mr P.J. Wright and Mr J.W. Simon. My thanks are also given t o Mr W.B. 
Woodward and a l l the s t a f f o f the Science L i b r a r y f o r t h e i r patience and help 
w i t h a l l stages o f the work. Special thanks also t o Mr J.C. Carter f o r diatom 
i d e n t i f i c a t i o n and the Rev. G.G. Graham f o r h e l p w i t h the "bigger p l a n t s " . 
I t i s w i t h pleasure t h a t I acknowledge the advice and help o f the 
vario u s members o f the U n i v e r s i t y o f Durham Computer U n i t and p a r t i c u l a r l y Mr 
R. Sheehan, Mr M. Munro, Dr A.M. Lament, Mr A.A. Young, Mr B.R. Lander, Mr R. 
Gawley, Mr A.C. Heath, Dr N.F. H a l l , Mr D. Lee, Dr P.S. Jones, Mrs M. Compton, 
Ms J. Rattenbury, Mr J.w. Steele and e s p e c i a l l y Mr G.R. Eadie v*io introduced 
me t o the d e l i g h t s o f g r a p h i c s . Thanks are due also t o the Durham Computer 
Operators Mr H. Baker, Mrs G. Orr, Miss A. West, Miss M. Crosby, Mr C. I l e y 
and e s p e c i a l l y Mr S. Kay v*io wrote many o f the g r a p h i c a l subroutines used i n 
t h i s t h e s i s and Mrs H. Taylor and a l l the Durham Punch Operators f o r dealing 
so e f f i c i e n t l y and a c c u r a t e l y w i t h a l l my " l i t t l e " j o b s . I would also l i k e t o 
thank Mr J.S. Roper (Department of Computing, U n i v e r s i t y o f Durham) f o r 
suggesting the r e l a t i o n a l approach and f o r help w i t h the SIEUR Query 
Subsystem, Dr P.G. Barker (Teesside Polytechnic) f o r help and discussion o f 
PL/1 problems and Dr B.K Aldred (IBM Research Centre, Peterlee) f o r discussion 
of database concepts. 
F i n a l l y I would l i k e t o thank Prof. D. Boulter f o r the p r o v i s i o n of 
research f a c i l i t i e s w i t h i n the Botany Department, the Natural Environmental 
Research Council and the U n i v e r s i t y o f Durham f o r research studentships and 
a l l H o w l c r o f t e r s , e s p e c i a l l y Dr B.J. Cromarty f o r much moral support. 
CONTENTS Paqe 5 




CCNVENTIONS AND ABBREVIATIONS 13 
CHAPTER 1 INTRODUCTI(»J 15 
1.1 COMPUTING ASPECTS 15 
1.11 General I n t r o d u c t i o n 15 
1.12 Computer technology 15 
1.13 Database technology 15 
1.14 B i o l o g i c a l and aquatic databases 18 
1.2 BIOLOGICAL ASPECTS 20 
1.21 Environments w i t h low pH 20 
1.22 B i o l o g i c a l e f f e c t o f low pH 22 
1.23 P h y s i o l o g i c a l studies and tolerance mechanisms . . . . 25 
1.3 THESIS AIMS 27 
CHAPTER 2 METHODS 29 
2.1 COMPUTING SYSTEI^ 29 
2.11 General i n t r o d u c t i o n and background infor m a t i o n . . . 29 
2.12 Recording system pro t o c o l s 34 
2.13 Data o r g a n i s a t i o n 40 
2.2 ACID STREAM DATA 44 
2.21 Data sources and s i t e i n f o r m a t i o n 44 
2.22 Data types and data processing 46 
2.23 Data s e l e c t i o n c r i t e r i a 50 
2.24 General assumptions and s t a t i s t i c a l approach 53 
CHAPTER 3 THE COMPUTING SYSTEM ,. 64 
3.1 SIEUR SIZE AND GENERATION TIME 64 
3.11 I n t r o d u c t i o n 64 
3.12 B i l e s associated w i t h the -LIST p r o t o c o l 64 
3.13 Size and generation time f o r -DATA f i l e s 66 
3.14 Per record processing s t a t i s t i c s 69 
3.15 System program development, s e c u r i t y and i n t e g r i t y . . 72 
3.2 PROTOCOL MECHANISMS AND THE DATABASE APPROACH 73 
3.21 I n t r o d u c t i o n 73 
3.22 -LIST p r o t o c o l s 74 
3.23 -DATA pr o t o c o l s 75 
3.24 Problems encountered i n using the Recording System 
pr o t o c o l s 77 
CONTENTS Page 6 
3.3 CURRENT SIEUR LIMITATIONS 78 
3.31 I n t r o d u c t i o n 78 
3.32 T h e o r e t i c a l l i m i t a t i o n s 78 
3.33 T o t a l cost and c u r r e n t physical l i m i t a t i o n s 81 
3.4 ACID STUDY CONSIDERATIONS 84 
3.41 I n t r o d u c t i o n 84 
3.42 Average query times and costs 84 
3.43 Data processing and f i l e storage costs 86 
3.44 Software use l i m i t a t i o n s and considerations 89 
CHAPTER 4 ACID SAMPLES 91 
4.1 DATA SELECTION 91 
4.11 I n t r o d u c t i o n 91 
4.12 Other pH ranges examined and stacks produced 91 
4.13 S t a t i s t i c s of v a r i a b l e s i n acid stacks 92 
4.14 Other v a r i a b l e ranges examined as p o t e n t i a l stack 
generators 94 
4.15 Raw data t a b l e - data subsets 97 
4.2 DESCRIPTIVE STATISTICS I l l 
4.21 I n t r o d u c t i o n I l l 
4.22 D i s t r i b u t i o n s and transformations I l l 
4.23 Skewness and k u r t o s i s of the d i s t r i b u t i o n s 121 
4.3 INTERVARIABLE STATISTICS & PRINCIPAL COMPONENT ANALYSIS . . . 124 
4.31 I n t r o d u c t i o n 124 
4.32 C o r r e l a t i o n a n a l y s i s 124 
4.33 P r i n c i p a l components ana l y s i s 128 
4.4 CLUSTER ANALYSIS 130 
4.41 I n t r o d u c t i o n 130 
4.42 Comparison of c l u s t e r techniques 130 
4.43 C l u s t e r l e v e l s and c l u s t e r s obtained 134 
4.5 SPECIES PH SENSITIVITY AND RELATED STATISTICS 141 
4.51 I n t r o d u c t i o n 141 
4.52 Reaction types recognised and the i n v i a b i l i t y l e v e l . . 141 
4.53 Species reactions ( s p e c i e s l i s t order) 154 
CHAPTER 5 ACID SITES 157 
5.1 SITE LIST PRODUCTION 157 
5.11 I n t r o d u c t i o n 157 
5.12 Geographical notes 157 
5.2 CHEMISTRY SUMMARIES AND EXCEPTIONAL SITES 160 
5.21 I n t r o d u c t i o n 160 
5.22 Acid s i t e data chemistry summaries 160 
CONTENTS Page 7 
CHAP^ rER 6 ACID SPECIES 171 
6.1 SPECIES LIST GENERATION AND DESCRIPPIVE STATISTICS 171 
6.11 I n t r o d u c t i o n 171 
6.12 Variable ranges, mean chemistry values 173 
6.13 Occasional species 181 
6.14 Raw sp e c i e s / s i t e data 181 
6.2 PINNULARIA ACORICOLA / EUNOTIA EXIGUA 183 
6.21 I n t r o d u c t i o n 183 
6.22 Range and mean comparision 183 
6.23 S i t e and species d i f f e r e n c e s 185 
6.3 HORMIDIUM SPP. (1529NN) / ZYGOGONIUM SPP. (1228NN) 186 
6.31 I n t r o d u c t i o n 186 
6.32 Chemical range and mean comparisons 186 
CHAPITER 7 DISCUSSION 189 
7.1 COMPUTING ASPECTS AND SIEUR 189 
7.11 NUMAC f a c i l i t i e s and program development 189 
7.12 Recording system p r o t o c o l s 194 
7.13 Acid study considerations 197 
7.2 ACID DATA ANALYSES 201 
7.21 Acid data present 201 
7.22 I n t e r v a r i a b l e r e l a t i o n s h i p s 204 
7.23 S i t e comparisons / o r d i n a t i o n s 210 
7.3 SIEUR DATA ANALYSES 214 
7.31 Acid s i t e s 214 
7.32 Acid species 216 
7.4 SIEUR, DATABASE SYSTEMS AND DATABASE TECHNOLOGY 223 
7.41 A case study using acid data 223 




LIST OF TABLES 
Table 2.11-1 30 
Types and c h a r a c t e r i s t i c s o f p e r i p h e r a l devices supported by NUMAC 
Table 2.22-1 47 
Cation f r a c t i o n s - pr e f e r r e d s e l e c t i o n sequence 
Table 2.22.2 47 
Fr a c t i o n or methods used i n the acid samples dataset analyses 
Table 2.24-1 54 
Schematic t a b l e of the acid datasets 
Table 2.24-2 57 
Possible v a r i a b l e transformations and t h e i r e f f e c t s 
Table 3.12-1 65 
Current s i z e and generation time f o r f i l e s associated w i t h the 
-LIST p r o t o c o l s 
Table 3.13-1 66 
Current siz e and generation time f o r f i l e s associated w i t h the 
-DATA p r o t o c o l s 
Table 3.13-2 67 
Timing s t a t i s t i c s f o r the generation o f the CHEMDATA f i l e from the 
c o n s t i t u e n t raw data f i l e s using the Testadd Subsystem 
Table 3.13-2 68 
Timing s t a t i s t i c s f o r the generation of the RIVDATA f i l e from the 
c o n s t i t u e n t raw data f i l e s using the Testadd Subsystem 
Table 3.14-1 70 
Per record processing s t a t i s t i c s f o r chemical data 
Table 3.14-2 71 
Per record processing s t a t i s t i c s f o r b i o l o g i c a l data 
Table 3.15-1 72 
Pro t o c o l implementation s t a t i s t i c s 
Table 3.32-1 79 
Optimal MTS l i n e f i l e c h a r a c t e r i s t i c s 
Table 3.32-2 80 
Estimated computer resources used i n adding t!ie DATEDAT f i l e t o the 
a u x i l l i a r y f i l e p r o t o c o l s 
Table 3.32-3 80 
Projected resource u t i l i s a t i o n f o r the a d d i t i o n of a p l a n t a n a l y s i s 
p r o t o c o l to tlie e x i s t i n g -DATA pr o t o c o l s 
Table 3.33-1 82 
Estimated t o t a l costs of s o t t i n g up and maintaining tli e SIEUR 
system 
Tablo 3.:i3-2 83 
TABLES Page 9 
Current physical l i m i t a t i o n s o f the SIEUR system (June, 1980) 
Table 3.42-1 85 
Computing resources used i n performing d i f f e r e n t query types 
Table 3.43-1 87 
Estimated computer resources used i n s e t t i n g up and using an acid 
data manipulation program i n v o l v i n g p l o t t i n g 
Table 3.43-2 88 
P r i n c i p a l Component Analysis - resource u t i l i s a t i o n 
Table 4.12-1 92 
Comparison of various query r e s u l t s stacks 
Table 4.12-2 92 
D i s t r i b u t i o n of c h ^ i c a l samples, streams and reaches i n terms of 
t h e i r pH values 
Table 4.13-1 93 
Comparison of the rfiysical and chanical parameters drawn from SIEUR 
(June 1980) V\*ien the queries pH <= 3.0, <= 4.0 and <= 5.0 were used 
to d e f i n e the datasets 
Table 4.14-1 94 
D i s t r i b u t i o n of SIEUR chemistry samples, streams and reaches i n 
terms o f Co n d u c t i v i t y 
Table 4.14-2 95 
D i s t r i b u t i o n o f SIEUR chemistry samples, streams and reaches i n 
terms of a c i d i t i t y 
Table 4.14-3 96 
C o r r e l a t i o n s between p o t e n t i a l stack generating v a r i a b l e s accross 
the a i o l e SIEUR database 
Table 4.15-1 98 
Chemical and l i i y s i c a l parameters of water chemistry samples to be 
found i n SIEUR (June 1980) i d e n t i f i e d by the query pH-fld <= 4.0 
Table 4.15-2 110 
Names and d e s c r i p t i o n s of the acid data subsets r e l a t e d to the pH 
<= 4.0 query 
Table 4.22-1 112 
D i s t r i b u t i o n histograms f o r the chemical and physical parameters 
and t h e i r l o g i M transformations associated w i t h samples where the 
pH <= 4.0 
Table 4.23-1 122 
Symmetry s t a t i s t i c s o f the chemical and physical parameters f o r 
sample chemistries vv^iere the pH <= 4.0 
Table 4.32-1 125 
Pearson (P) , Spearmans (S) and Kendals (K) c o r r e l a t i o n c o e f f i c i e n t s 
among the chemical and p i i y s i c a l parameters of the 269 acid samples 
dataset 
Table 4.33-1 129 
P r i n c i p a l components a n a l y s i s of the 217 and 101 chemical datasets 
Table 4.42-1 132 
Cophenetic c o r r e l a t i o n s among 8 d i f f e r e n t c l u s t e r tecliniques 
TABLES Page 10 
Table 4.43-1 133 
Dendrogram produced by Wards Method of the 269 acid chemistries 
Table 4.43-2 136 
Dendrogram produced by Wards Method of the 125 acid chemistries 
Table 4.43-3 138 
Dendrogram produced by Wards Method of the 125 s i t e s based on tiie 
presence/absense b i o l o g i c a l data 
Table 4.43-4 140 
Dendrogram of species produced by Wards method using the 125 
presence/absence data 
Table 4.52-1 142 
Species pH s e n s i t i v i t y over the pH range 0.9 - 4.0 
Table 4.52-2 150 
Species r e a c t i o n type 1 (Hormidium r i v u l a r e ) 
Table 4.52-3 151 
Sj^ecies r e a c t i o n type 2 (Euglena m u t a b i l i s ) 
Table 4.52-4 152 
Species r e a c t i o n type 3 (Cyanidium caldarium) 
Table 4.52-5 153 
Species r e a c t i o n type 4 ( P i n n u l a r i a acoricola) 
Table 5.12-1 158 
Geographical d e t a i l s present i n SIEUR (June 1980) associated w i t h 
the acid s i t e s 
Table 5.22-1 161 
Chemical and ph y s i c a l parameters drawn from SIEUR (June 1980) 
i r r e s p e c t i v e of pH f o r the acid s i t e s 
Table 6.11-1 172 
Minimum pH and other d e t a i l s of species found i n waters w i t h pH <= 
4.0 
Table 6.12-1 174 
Chemical and p h y s i c a l parameters drawn from SIEUR (June 1980) 
i r r e s p e c t i v e of pH f o r t l i e a cid species 
Table 6.14-1 182 
Species l i v e abundances w i t h i n s i t e s ( a s s o c i a t i o n table) 
Table 6.22-1 184 
Range (maxima and minima), mean and standard d e v i a t i o n values 
associated w i t h the i n d i v i d u a l and j o i n t occurrences o f P i n n u l a r i a 
a c o r i c o l a and Eunotia exigua 
Table 6.32-1 187 
Chemistry range, means and simple s t a t i s t i c s f o r the j o i n t and 
i n d i v i d u a l occurrence o f Hormidium spp. and Zygogonium spp. 
Table 6.32-2 188 
D e t a i l s of occurrences of Hormidium and Zygogonium species i n SIEUR 
(June 1980) 
TABLES Page 11 
Table 7.22-1 206 
Scatter diagram of pH v NSPEC 
Table 7.32-1 216 
D i s t r i b u t i o r i of acid genera between taxa 
Table 7.32-2 217 
D i s t r i b u t i o n of taxa among the co u n t r i e s surveyed 
Page 13 
CONVENTIONS AND ABBREVIATIONS 
A l l t a b l e s ( f i g u r e s are refered to as tables) and equations are 
referenced by Section number and numerical sequence w i t h i n sections. Tables 
are referenced - Table 3.14-5 and equations Equation 3.14:2. Each page of the 
t h e s i s except m u l t i p l e page t a b l e s , have a s e c t i o n and page nunber f o r ease i n 
cross r e f e r e n c i n g . 
Abbreviations (e.g. PCA) and acronyms (e.g. NUMAC) are expanded f u l l y 
once when f i r s t used. The periods are u s u a l l y not included and the l e t t e r s 
are u s u a l l y i n c a p i t a l s . Names i n c a p i t a l s r e f e r t o computer f i l e s ; thus 
"ThXObilNFO" i s a data f i l e and "SIEUR" i s the f i l e c o ntaining the system 
























c o n d u c t i v i t y 
I n t e r n a t i o n a l Business Machines 
Michigan Terminal System 
number of species i n a sample 
Northunbrian U n i v e r s i t i e s Multiaccess Computer 
o p t i c a l d e n s i t y measured a t A-IP an 
P r o b a b i l i t y 
Report Generator 
Stream Inform a t i o n Entry, Update and R e t r i e v a l systan 
Stanford Public Information R e t r i e v a l System 
Standard d e v i a t i o n 
Taxonomic Information R e t r i e v a l system 
kilometre 
l i t r e 
metre 
miligramme 
m i l l i l i t r e 
nanometre 
kilometre 
greater than or equal to 
greater than 
less than or equal to 
less than 
Page 14 
Chapter 1 Introduction 
Page 15 
1.1 Computing aspects 
1.11 General Introduction 
Computer technology i s proving to be of increasing importance t o 
b i o l o g i s t s and l e g i s l a t o r s concerned w i t h the ecology of aquatic environments. 
C u t b i l l (1971) noted, "there i s an urgent need f o r an i n v e s t i g a t i o n o f 
b i o l o g i c a l records - v^at s i z e they are and how they are created, how they are 
s t r u c t u r e d , how they are l i n k e d together, how they are used and what t h e i r 
u s e f u l l i f e i s " . These comments are s t i l l a p p l i c a b l e ; and although many 
databases now e x i s t there are few complete studies v ^ i c h look a t a l l the 
questions posed by C u t b i l l . 
1.12 Computer technology 
The i n t r o d u c t i o n i n 1960 of the IBM System/360 s e r i e s of computers 
marked the beginning of an era of r e a d i l y a v a i l a b l e f a s t s e r i a l processors. 
These had l a r g e i n s t r u c t i o n sets and tl-ie a b i l i t y t o handle simultaneously 
several p e r i p h e r a l devices and could address a very large memory (McKeag, 
1972; IBM, 1980). The p r o v i s i o n of t h i s hardware r e s u l t e d i n considerable 
development i n several areas of computer prograrraning (Buckholz, 1963; Rosin, 
1969; Denning, 1971). Of these developments the most spectacular was the 
i n v e n t i o n o f new programming languages (e.g. Rosen, 1964) and the concomitant 
a l g o r i t h m i c approach to computer a p p l i c a t i o n (Knuth, 1968). The a v a i l a b i l i t y 
of t h i s hardware to commerce and i n d u s t r y r e s u l t e d i n new a p p l i c a t i o n s being 
developed vvhich were concerned w i t h the storage and r e t r i e v a l of vast 
q u a n t i t i e s o f diverse types of data (IBM, 1960; C l i p p i n g e r , 1961; General 
E l e c t r i c Corp., 1961; P e r s t e i n , 1965). I n the l a t e 1960s and e a r l y 1970s 
these two separate strands of development began to come together to form the 
new technology o f database management (Date, 1976). 
1.13 Database technology 
Despite the m u l t i t u d e of d i f f e r e n t o r i g i n s and l i n e s of development of 
database technology o u t l i n e d by Fry e t a l . (1976), an underlying four stage 
p a t t e r n of e v o l u t i o n can be recognised ( M a r t i n , 1975). The f i r s t stage was 
c h a r a c t e r i s e d by the use of sequential f i l e s , u s u a l l y on magnetic tape, where 
the l o g i c a l view of the data stored was i d e n t i c a l to the p h y s i c a l 
r e p r e s e n t a t i o n . The data were accessed by s p e c i f i c a p p l i c a t i o n programs which 
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merely restructured the data records into an output format. The second stage, 
found predominantly i n the l a t e 1960s, was characterised by the use of 
sequential f i l e s to store bulk data and the use of d i r e c t access f i l e s on 
magnetic disks to store indices and keys. I t was by the use of these keys and 
indices that the sequential bulk data were accessed. The database system was 
usually designed and optimised for one particular application. These early 
database systems are reviewed by Minker et a l . (1967), CODASYL (1969) and Fry 
et a l . (1973). 
The l a t e 1960s and early 1970s saw the ideas of McGee (1959), McGee et 
a l . (1960) and Childs (1968) concerning "generalised data handling routines" 
and "a set theoretic approach to data" having an increasing influence on the 
evolution of database technology. The systems which were implemented using 
these techniques were independent of the data they contained and could be 
considered to be "database management systems" capable of handling any 
dataset. Thus stage three was characterised by the use of multiple f i l e s 
derived from the same physical data f i l e (see M i l l e r e t a l . , 1960). These 
separate visualisations of the data were managed by data handling routines 
which removed redundant or replicated data and which ensured data i n t e g r i t y . 
Data r e t r i e v a l was possible w i t h i n tliese systems by the use of multiple keys 
and complex data reorganisations could be made without the need for extensive 
revisions of application programs. The fourth stage described also by Witney 
(1973) was marked by the development of a global view of the data, which was 
independent of the physical data organisation and the users view of i t . I h i s 
type of database could evolve by the addition of new elements to the global 
view of the data, and tins addition did not adversely a f f e c t the maintenance 
of the database. Rapid search and optimisation occurred automatically within 
the database management system by the use of inverted f i l e s . Furthermore, the 
system software provided a data description language for a database 
administrator (see D'imperio, 1969; Canning, 1972; Everest, 1973; Taylor, 
1974; Senko, 1975), a command language for the applications programner (Dodd, 
1969) and a query language for the various database users (see for example 
Hardgrave, 1974; McDonald et a l . , 1975 and Chamber1in e t a l . , 1976). 
The primary objectives of database design have been the concern of many 
reports (CODASYL, 1971; DBTG, 1971; Dean, 1971; Engles, 1971; Date et a l . 
1971; ANSI, 1975). Summarised b r i e f l y they are high performance i n ccxnputing 
terms f o r both setting up and using the database; low cost of storing and 
using the data and making changes; accuracy and consistency especially while 
updates are made; guaranteed data i n t e g r i t y , privacy and security; mechanisms 
which ensure that the database can evolve easily and can be independent of the 
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data s t r u c t u r e s allowed by the computer hardware or the o r i g i n a l data 
s t r u c t u r e s ; systems which ensure t h a t unanticipated queries can be handled 
e a s i l y and e f f i c i e n t l y such t h a t the data can have m u l t i p l e uses; and the 
implementation of a c l e a r and simple l o g i c a l data s t r u c t u r e which can be used 
e a s i l y and e f f e c t i v e l y by both the expert and novice user. I n a d d i t i o n the 
system needs to be "tunable" such t h a t query types performed f r e q u e n t l y can be 
optimised. F i n a l l y many authors (e.g. M a r t i n , 1975; Date, 1976) consider i t 
important t h a t the database management system should be able t o deal w i t h data 
m i g r a t i o n , such t h a t i n f r e q u e n t l y used data can be placed on cheaper storage 
devices and more f r e q u e n t l y used data moved i n the opposite d i r e c t i o n . 
The data independence shown by modern database management systems stem 
from r e c o g n i t i o n of underlying data s t r u c t u r e s (Bachman, 1972). Three basic 
s t r u c t u r e s have been i d e n t i f i e d . These are h i e r a r c h i c a l s t r u c t u r e s (see 
B l e i e r , 1967; IBM (IMS), 1975; T s i c h r i t z i s e t a l . , 1976), network s t r u c t u r e s 
(see Earnest, 1974; Codd e t a l . , 1974; Taylor e t a l . , 1976) or r e l a t i o n a l 
s t r u c t u r e s (see Codd, 1970; Date, 1972; Hitchcock, 1974; Codd, 1974; Held, 
1975; Chamberlin, 1976). Detailed comparisons between these methods of 
s t r u c t u r i n g the data have been made by Date e t al. (1974), Nijssen (1974), 
McGee (1974), S i b l e y (1974), Held e t a l . (1975) and Michaels e t a l . (1976). 
I n recent years the r e l a t i o n a l approach has received considerable a t t e n t i o n 
because of i t s simple, t a b u l a r c o n c e p t u a l i s a t i o n of the data. Furthermore, 
the method i s s u s c e p t i b l e t o mathematical analysis (see Kent, 1973; Fadous, 
1975; H a l l e t al., 1975). Much work has been done i n i d e n t i f y i n g basic 
database problems and proposing s o l u t i o n s using the combined r e l a t i o n a l 
approach and mathematical treatment (e.g. Codd, 1971; Heath, 1971; Armstrong, 
1971; Bernstein e t 1975). Several implementations of r e l a t i o n a l database 
s t r u c t u r e s e x i s t , of which INGRES (McDonald e t a l . , 1974) i s perhaps the most 
e a s i l y accessible example. Other systems are described by Goldstein e t a l . 
(1970), Notley (1972), Lorie (1974) , Czarnik e t a l . (1975), Winslow (1975) 
and Astrahan et a l . (1976). I n a d d i t i o n , recent research has been undertaken 
i n t o g i v i n g mini and micro-computers some r e l a t i o n a l database c a p a b i l i t i e s 
(Mcleod e t a l . , 1975; Manacher, 1975). 'ftie r e l a t i o n a l approach t o data 
storage has given impetus t o research i n t o user query languages. A query 
algebra has been proposed by Codd (1971) f o r r e l a t i o n a l and other databases 
v^here queries are expressed i n terms of set t h e o r e t i c operations (C h i l d s , 
1968) on the data r e l a t i o n s . This approach requires s k i l l and knowledge on 
the p a r t o f the user and w i i i l e i t i s simpler to implement (however, see a n i t h 
(1975) f o r comments on o p t i m i s a t i o n ) i t has received only passing a t t e n t i o n . 
I n c o n t r a s t the query c a l c u l u s (Codd, 1971) has received considerable 
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a t t e n t i o n and has l e d t o the concept of " s t r u c t u r e d English query languages" 
(Chamberlin e t a l . , 1974). I n these approaches the user s p e c i f i e s v*iat he 
wishes to see i n a f i n a l "goal r e l a t i o n " , using boolean c o n s t r u c t s , and the 
system performs the necessary operations t o s a t i s f y the query. 
W i t h i n the data themselves, t i i e r e may be considerable s t r u c t u r e . M a r t i n 
(1975) notes four types: 
1. t r e e s t r u c t u r e s 
2. plex s t r u c t u r e s or networks w i t h a d i r e c t i o n a l hierarchy 
3. plex s t r u c t u r e s v^^ich are b i d i r e c t i o n a l w i t h no hierarchy 
4. loops ( s i n g l e l e v e l cycles) where the h i e r a r c h y i s looped. 
At present few systems e x i s t v^^ich are geared to recognise these 
s t r u c t u r e s as "items o f data" ( H a l l , 1975; Aldred 1975). Some of the more 
d e t a i l e d h y d r o l o g i c a l studies have examined water networks and have proposes 
systems f o r encoding, s t o r i n g and processing these s t r u c t u r e data (Coffman, 
1971). 
Many proposals e x i s t f o r "database hardware". Canaday et a l . (1974) 
have suggested a dedicated "back-end" computer which would deal e x c l u s i v e l y 
w i t h database operations. Heacock et a l . (1975) have suggested dedicated 
" f r o n t - e n d " computers and Su e t a l . (1973) and Lin e t a l . (1976) have 
suggested dedicated data handling f a c i l i t i e s independent o f , but l i n k e d t o , 
the main processor. Much work has been done on the development of mass 
storage devices (Becker, 1966; P i c k e r i n g , 1971; Houston, 1973) and a s s o c i a t i v e 
memories (Miuker, 1971; C r i c k e t a l . , 1970) and means of implementing these 
(Moulder, 1973; Feldman e t a l . , 1969; Ash, 1%9; Symonds, 1969; Crick e t a l . , 
1970). Geographically d i s t r i b u t e d databases ( M a r i l l e t a l . , 1975) have also 
received much a t t e n t i o n e s p e c i a l l y as a means of l i n k i n g government and 
research data centres. 
1.14 Biological and aquatic databases 
Edwards (1971) makes the d i s t i n c t i o n i n her paper between " b i o l o g i c a l 
i n f o r m a t i o n " , meaning t e x t u a l received data, i n the form of a b s t r a c t s , 
b i b l i o g r a p h i e s , r e p o r t s and reviews (see also Hersey e t a l . , 1968; Steere, 
1970 and Frost e t a l . , 1974) and " b i o l o g i c a l data" v ^ i c h are the a c t u a l 
r e s u l t s o f experimentation or a n a l y s i s . B i o l o g i c a l i n f o r m a t i o n databases are 
many and v a r i e d and u s u a l l y w e l l known and docunented (see Edwards, 1971b f o r 
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summary). I n c o n t r a s t b i o l o g i c a l data databases are few and inadequately 
documented ( C u t b i l l , 1971). Several museuns, herbaria and c u l t u r e c o l l e c t i o n s 
have database systems v*iich help catalogue t h e i r holdings (Beschel e t a l . 
1970; S h e t l e r , 1971; C r o v e l l o , 1972; C u t b i l l , 1973; Gomez-Pompa e t a l . , 1973; 
Mo r r i s et£l., 1975). Ttiese systems are sometimes extended t o cover r e l a t e d 
aspects such as taxonomy, systematics i n general, paleontology, geology, 
p a t e n t s , palynology, b i o d e t e r i o r a t i o n and o f t e n r e l a t e t o b i o l o g i c a l 
i n f o r m a t i o n services as w e l l ( C u t b i l l , 1971b). I n B r i t a i n the research 
c o u n c i l s , e s p e c i a l l y the Natural Environmental Research Council, have 
i n i t i a t e d several b i o l o g i c a l data database p r o j e c t s ( P e r r i n g , 1971) and 
several u n i v e r s i t i e s now have t h e i r own ad hoc systems. Crovello (1972) and 
Shetler(1971) r e p o r t t h a t i n the USA many data and inform a t i o n databases e x i s t 
a t n a t i o n a l , s t a t e and p r i v a t e o r g a n i s a t i o n l e v e l and i n general there i s a 
movement by i n t e r n a t i o n a l bodies such as the United Nations and European 
Economic Community t o provide both research personel and the p u b l i c w i t h 
access to b i o l o g i c a l and inf o r m a t i o n databases (e.g. Geiss, 1973; Persoone 
1979) . 
For the e c o l o g i s t i n t e r e s t e d i n aquatic environments the l i t e r a t u r e on 
databases may be found i n two types o f r e p o r t . P i l o t study reports l i k e those 
o f Jonsson (1970), Marelius (1971), P i g n a t t i (1976) and the B r i t i s h Water Data 
Unit (1976a, 1976b) v^iich concern themselves w i t h s t a n d a r d i s a t i o n of data 
recording procedures and the p r a c t i c a l aspects of the use of the databases i n 
question. I n c o n t r a s t research study reports l i k e those of Klasvik (1974) and 
Cairns e t a l . (1972) deal e x c l u s i v e l y w i t h the b i o l o g i c a l i n t e r p r e t a t i o n of 
data and on l y r a r e l y mention d e t a i l s of the database design or s t a t i s t i c s 
concerning database performance. 
Section 1.14 
Page, 20 
1.2 Biological aspects 
1.21 Envirorments with low pH 
1.211 Acid sources 
I t i r e e main sources o f a c i d i t y have been reported i n the l i t e r a t u r e . 
Natural organic a c i d i t y i s due mainly t o the presence of humic acids produced 
by p l a n t decomposition. Pearsall (1949) i n an examination of English moorland 
concluded t h a t the pH o f the t y p i c a l "moss" was i n the region 3.80 - 4.00. He 
noted t h a t vvtien o x i d a t i o n occurs the pH can f a l l to 3.45 and t h a t f o r 
Eriophorum moorland under considerable o x i d a t i o n , pH l e v e l s as low as 2.80 can 
be a t t a i n e d ( P e a r s a l l , 1930). Brock (1969) notes t h a t v^*lere the pH i s below 
3.00, an inorganic source can u s u a l l y be found t o e x p l a i n the observation. 
The second source o f a c i d i t y i s due t o inorganic acids produced 
n a t u r a l l y i n thermal springs and volcanic lakes. "Itie pH here i s o f t e n below 
3.0. The a c i d i t y i s due t o the o x i d a t i o n of and/or SO2 present i n the 
vol c a n i c gases. Such o x i d a t i o n can lead t o pH l e v e l s around 1.0, as reported 
by Satake and Saijo (1974). 
A t h i r d source of a c i d i t y i s due t o i n d u s t r i a l e f f l u e n t which may also 
produce extremely low pH l e v e l s , below 1.0. Several sources f o r t h i s a c i d i t y 
have been recognised ( K l e i n , 1959) but the most common i s the production of 
s u l p h u r i c a c i d from the o x i d a t i o n of sulpiiurous m a t e r i a l associated w i t h c o a l . 
Acid may also be produced wtiere mining a c t i v i t i e s have exposed i r o n 
d i s u l p h i d e s u s u a l l y i n the form of p y r i t e s , marcasite or p y r o h o t t i t e to the 
e f f e c t s of a i r , water and po s s i b l y b a c t e r i a . Such co n d i t i o n s are found 
associated w i t h l i g n i t e , p y r i t e , b a r y t e , z i n c , copper, g o l d , s i l v e r and lead 
mines as w e l l as coal mines (Temple and Koehler, 1954). The c o u n t r i e s from 
which such acid sources have been reported include North America (e.g. Braley 
1951-1954; Parsons, 1952-1975; Kinney, 1964, Hanna e t a l . , 1965; Boyer, 1972), 
A u s t r a l i a (Blessing e t a l . , 1974), New Zealand (Kaplan, 1956), South A f r i c a 
(Harrison e t a l . , 1958-1962) and several European cou n t r i e s i n c l u d i n g B r i t a i n 
(Glover, 1967; Hargreaves e t a l . , 1975), Denmark (Dahl, 1963) and 
Czechoslovakia ( F o t t , 1956). 
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1.212 Acid production and hydrology 
I t i e o x i d a t i o n o f p y r i t i c minerals occurs slowly i n nature when 
outcropping coal seams become exposed by erosion. However, i t i s mining 
a c t i v i t y which accounts f o r the m a j o r i t y of such acid formation. Once t h i s 
a c i d source has begun i t does not nece s s a r i l y decrease w i t h the cessation o f 
mining but may continue t o run f o r many years. Brand and Moulton (1960) have 
i d e n t i f i e d three steps i n the production of acid from p y r i t e s . The f i r s t step 
i s an o x i d a t i o n t o FeS04 and SO2 i n the absence of water, or FeS04 and H2SO4 
i f water i s present. I n step 2, FeS04 and H2SO4 o x i d i s e t o gi v e Fe2(S04)3. 
The t h i r d step occurs o n l y i n an acid environment and i s the p r e c i p i t a t i o n o f 
the orange yellow Fe(0H)3 and the production of f u r t h e r H2SO4. Clarke (1967) 
has shown t h a t the k i n e t i c s o f these reactions requires aerobic c o n d i t i o n s . 
The o x i d a t i o n of marcasite and p y r o h o t t i t e (Fe^Sn+i) f o l l o w e s s e n t i a l l y 
s i m i l a r r e a c t i o n s but a t s i g n i f i c a n t l y d i f f e r e n t r a t e s . Braley (1954) found 
t h a t p y r o h o t t i t e reacted a t 18 times and marcasite 9 times the r a t e of p y r i t e . 
I t has been demonstrated by Blessing e t a l . (1974) t h a t Zn, Cd, Cu, Ni and Co 
sulphides are also attacked by Fe2(S04)3 although t h i s occurs a t low r a t e s . 
At low pH other r e a c t i o n s occur v ^ i c h render K, Ca, A l , Mn and Si mobile. On 
r a i s i n g the pH the c h a r a c t e r i s t i c coloured p r e c i p i t a t e of these as w e l l as 
f e r r i c sulphate may be noted. The grey white p r e c i p i t a t e sometimes noted a t 
pH l e v e l s between 3.0 and 6.0 i s due mainly t o Al and c o l l o i d a l Si (Blessing 
e t a l . , 1974). I t has been noted by Powell and Parr (1919) and many others 
t h a t b a c t e r i a are o f t e n associated w i t h a c i d i c environments. Much work has 
been done on the aci d production caused by these chemautotrophic b a c t e r i a 
(e.g. Colmer e t a l . , 1947; Temple e t a l . , 1951; Ashmead, 1955; E h r l i c h , 1962; 
Leathern e t a l . , 1956; Baker e t a l . , 1970; Singer e t a l , 1970; Lundgren, 1971; 
Walsh e t a l . , 1972; Manning e t a l . , 1972). However, the a c t u a l r o l e of these 
b a c t e r i a i s s t i l l u n c e r t a i n , although i t i s c l e a r t h a t the formation of aci d 
i s not e n t i r e l y dependent on t h e i r presence. 
Hie h y d r o l o g i c a l aspects of acid drainage have been considered by Brant 
e t a l . (1960), C o l l i e r e t a l . (1955) and Shiith £t a l . (1971). Groundwater 
i s important both i n the formation of acid and i t s d i s p e r s a l . The f l u s h i n g 
a c t i o n o f changes i n water t a b l e caused by seasonal and other changes has been 
recognised as being an important c r i t e r i o n i n the formation of acid and the 
ra t e a t which i t i s formed (Braley, 1954). 
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1.213 Chemical and physical characters of acid mine drainage 
Hawley (1971) described the t y p i c a l acid mine drainage as characterised 
by low pH, high Fe and SO4 concentrations and unusually high l e v e l s of heavy 
metals i n c l u d i n g Mn, Cu, Co, Zn and Ni, t h e r e l a t i v e l e v e l s of the various 
parameters depending c l o s e l y on the geology. Lundgren e t a l . (1971) i d e n t i f y 
4 classes of acid lake depending on the pH, a c i d i t y , Fe and t u r b i d i t y l e v e l . 
While u s e f u l , no guide i s given as to wtiat l e v e l s of n u t r i e n t s or heavy metals 
are t o be expected. Parsons (1964) concluded t h a t c l a s s i f i c a t i o n o f 
strifH-mine lakes could o n l y be done on the basis of the physical and chemical 
parameters and t h a t t h i s was dependent on the l e v e l of progressive o x i d a t i o n 
and i r o n oxide p r e c i p i t a t i o n present. Van Everdingen (1969) reports 
e x t e n s i v e l y on the acid springs i n Kootenay National Park, B r i t i s h Colunbia 
and presents a range o f s i t e s from pH 2.5 t o 5.5, w i t h measurements on 11 
c a t i o n s , 6 anions plus CO2 and O2 concentrations and the physical parameters 
pH, Eh, temperature and c o n d u c t i v i t y . However, no inform a t i o n concerning P or 
N i s present. The n u t r i e n t s t a t u s of acid water i s po o r l y reported, although 
Roback e t a l . (1969) and Bennett (1969) r e p o r t the PO4-P and NO3-N l e v e l s a t 
several s i t e s . 
1.22 Biological e f f e c t of low pU 
1.221 Introduction 
I t i s g e n e r a l l y believed (Bennett, 1969; Besch e t a l . , 1972) t h a t pH (or 
perhaps a c i d i t y ) rather than l e v e l s of other parameters such as heavy metals 
c o n t r o l s the presence of species a t acid s i t e s . However, Besch e t a l . 
(1972), Hargreaves e t a l . (1975,1977) and Wilkinson e t a l . (1980) suggest 
t h a t heavy metals may play an important secondary r o l e . 
1.222 T e r r e s t r i a l organisms 
There i s not an extensive l i t e r a t u r e on the e f f e c t o f low pH on 
t e r r e s t r i a l organisms. Kinney (1964) notes the dramatic e f f e c t on population 
number of a sudden f a l l i n pH caused by opening a new coal mine i n USA but i s 
unable t o asc r i b e these e f f e c t s w t i o l l y t o the a c i d . Mammals, b i r d s and 
r e p t i l e s v ^ i c h graze the b i o t a of acid waters are u s u a l l y the f i r s t t o s u f f e r 
a c i d p o l l u t i o n . Boccardy e t a l . (1958) studied the e f f e c t o f acid water due 
to mining disturbance and concluded t i i a t removal of cover, and other f a c t o r s 
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were as important as the e f f e c t on tiie food chain. 
1.223 F i s h 
There i s an extensive l i t e r a t u r e on the e f f e c t of low pH on f i s h v ^ i c h 
has been summarised by Douderoff and Katz (1950) and more r e c e n t l y by Lloyd 
(1968) . The lower pH tolerance l i m i t i s about 5.0 although some species can 
e x i s t i n waters a t pH 4.2. Other f a c t o r s such as CO2 and hardness are also 
important i n determining the lower pH l i m i t f o r f i s h . The reproductive 
a b i l i t y of species which can s u r v i v e a t pH l e v e l s below 4.0 i s u s u a l l y 
diminished. Furthermore, the egg hatching rate at pH l e v e l s below 5.0 may be 
severely a f f e c t e d . 
The p a t h o l o g i c a l e f f e c t of low pH i s not w e l l understood. E l l i s (1937) 
suggested tiiat s u f f o c a t i o n occurred due to the p r e c i p i t a t i o n of mucus onto the 
g i l l s . Lloyd e t al. (1964) found no mucus or apparent g i l l t i s s u e damage and 
a t t r i b u t e d death t o acidemia. Itie combined e f f e c t s o f low pH and other 
parameters, n o t a b l y the heavy metals, have not been w e l l s t u d i e d . Hie e f f e c t s 
o f Fe on f i s h are not w e l l understood although i t would appear t h a t large 
ammounts of Fe a f f e c t f i s h because of p r e c i p i t a t i o n on the benthic community 
on which they feed. 
1.224 Benthic fauna 
Harrison e t a l . (1958, 1960 and 1965) re p o r t t h a t the benthic fauna was 
severely r e s t r i c t e d under the acid c o n d i t i o n s found i n several South and West 
A f r i c a n streams associated w i t h gold and coal mining. Ttiese workers found 
t h a t the a c i d waters were u s u a l l y dominated by chironomids and caddis species 
e s p e c i a l l y Leptocerus h a r r i s o n i i and Argyrobothius sp. Often these species 
were more abundant i n acid waters than n e u t r a l waters due, they suggest, t o 
the absence of competition and pre d a t i o n . Jewell (1922) and Lackey (1938, 
1939) noted t l i a t the fauna of waters w i t h pH i n the range 2.2 to 3.9 and 
reported 12 species. This conclusion was supported by Warner (1968) who noted 
i n a d d i t i o n t h a t the Chironomidae were f r e q u e n t l y dominant. Roback et a l . 
(1969) reported t h a t species of Odonata, EpJiemeroptera and Plecoptera were 
e l i m i n a t e d by low pH. Other major studies have been conducted by Harp et al. 
(1967), Stockinger e t a l . (1960), Dinsmore (1968) P a t r i c k et a l . (1974), and 
Henricks e t a l . (1972). 
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1.225 Zooplankton 
The l i t e r a t u r e concerning the e f f e c t o f low pH on zooplankton i s 
e s p e c i a l l y sparse. Lackey (1938) noted t h a t several macroinvertebrates 
i n c l u d i n g D i s t y l a sp., Actionophyrys s o l and Brachionus u r c e o l a r i s were 
dominant i n lakes w i t h pH between 2.96 and 3 .30 . B. u r c e o l a r i s was also 
present i n some Japanese lakes as reported by Ueno (1955). Other genera noted 
were Cyclops, Daphnia, Diatomus and Scapholbeeris. Parsons (1968) noted the 
presence of the r o t i f e r s Brachionus u r c e o l a r i s , B. havanaensis and K e r a t e l l a 
quad r a t a i n several s t r i p mine lakes i n ti\e USA. He also noted t h a t wtiere the 
ac i d c o n d i t i o n was i n t e r m i t t a n t the acid species dominated. Repopulation 
a f t e r c essation of aci d f l o w was found to depend on the length of the l i f e 
c y c l e of p o t e n t i a l species. 
1.226 Macrophytes 
Lackey (1938) reported ti\at Typha l a t i f o l i a was the most abundant 
macroftiyte species i n acid streams, i n conjunction w i t h Isoetes spp. P a t r i c k 
e t al. (1974) reported Isoetes below 4.0 although V a l l i s n e r i a sp, was the 
most abundant p l a n t recorded. Heather (1951) reported Eleocharis p a l u s t r i s , 
Typha l a t i f o l i a and Carex sp. i n lakes a t pH 2.3 - 3 .8 . Above pH 5.0 he noted 
7 species. These species have now been confirmed by several authors i n c l u d i n g 
(lqb^) 
Ehrle (1960) , Moore e t aly(and Sand-Jensen e t a l . (1978) . 
Harrison (1958,1965) reported a s l i g t i t l y d i f f e r e n t f l o r a i n South and 
West A f r i c a n acid streams. This f l o r a included Typha l a t i f o l i a , Phragmites 
a u s t r a l i s and Sphagnum truncatum a t pH l e v e l s around 2 . 9 . The species v*iich 
he found a t higher l e v e l s (3 .7 - 4 .5) included Scirpus f l u i t a n s , Juncus 
exsertus and J . oxycarpus. He concluded t h a t strong acid . p o l l u t i o n eliminated 
some species but encouraged aci d o p h i l e s to colonise the extreme environments 
probably owing t o the lack of comfJe t i t ion . 
1.227 Algae 
Algae i n a c i d i c environments have been p o o r l y s t u d i e d . Lackey (1938) 
was among the f i r s t to note and describe i n any d e t a i l the r e s t r i c t e d f l o r a o f 
ac i d streams. Hargreaves e t a l . (1975) r e p o r t t h a t the a l g a l f l o r a o f 
English a c i d waters below pH 3.0 consisted of 24 species. Comparison w i t h 
a l g a l l i s t s compiled by Lackey (1938) , Steinback (1966) , Warner (1969) and 
Bennett (1969) f o r the USA, showed t h a t of the 40 species l i s t e d f o r the two 
Section 1.22 
B i o l o g i c a l e f f e c t of low pH Page 25 
c o u n t r i e s o n l y f o u r were c e r t a i n l y common to both. I t was d i f f i c u l t t o assess 
t o v^at e x t e n t these d i f f e r e n c e s were due to taxonomic problems. Bennett 
(1969) i n v e s t i g a t e d some 17 s t a t i o n s (pH 2.69 - 7.0) and reported 107 species 
below 4.1. The abundant species he noted were Euglena m u t a b i l i s , U l o t h r i x 
s u b t i l i s , P i n n u l a r i a b r a u n i i , Eunotia t e n e l l a ( v ^ i c h i s p o s s i b l y JE. exigua -
J.R. Carter pers. comm), U l o t h r i x sp., F r u s t u l i a rhomboides and Peniurn 
g e n e r i . Bennett also noted a d i r e c t r e l a t i o n s h i p between species number and 
pH l e v e l . Weaver and Nash (1968) r e p o r t 20 species from 6 s t a t i o n s on one 
stream at pH l e v e l s from 3.0 - 4.0 i n Kentucky. The flora was dominated by 
filamentous algae and Euglena spp. Warner (1968) i n a comparison between 
streams a t pH between 2.8 - 3.8 and 4.5 found 19 taxa a t the upper l e v e l , 
w h i l e a t the lower l e v e l 33 species were i d e n t i f i e d . Tbie most abundant 
species were U l o t h r i x tenerrima, P i n n u l a r i a t e r m i t i n a , Eunotia exigua and 
Euglena m u t a b i l i s . I n South A f r i c a Harrison £t a i l . (1962) noted filamentous 
algae and diatoms as co-dominants. The diatoms occurring below 5.0 were 
Eunotia exigua, F r u s t u l i a spp., P i n n u l a r i a a c o r i c o l a , P. subcapitata, 
Achnanthes microcephala and A. minutissima. These diatoms were considered by 
Cholnoky (1958) t o be c h a r a c t e r i s t i c of a c i d i c environments. Negoro (1944) 
reported several species from Japanese streams and lakes a t pH l e v e l s below 
4.0 and includes some e x c e l l e n t s t u d i e s concerning the chemistry o f these 
waters. Extremely low pH waters have been reported by Satake (1974) and F o t t 
e t a l . (1964) and were found t o have P i n n u l a r i a b r a u n i i and Chlamydcanonas 
spp. ( e s p e c i a l l y C. a c i d 6 p h i l a ) . Satake also reported the presence o f 
Cyanidium caldarium i n a Japanese lake a t pH 1.7. The presence of t h i s 
species a t Yellowstone National Park, USA has been reported by Brock (1978), 
and would appear to be associated w i t h the thermal environment below pH 4.0. 
1.23 Physiological studies and tolerance mechanisms 
1.231 Low pH studies 
Ttiere are few s t u d i e s aimed s p e c i f i c a l l y a t understanding the 
f t i y s i o l o g i c a l e f f e c t of low pH. F o t t e t a l . (1964) and McCarthy et a l . 
(1965) and Hargreaves (1975) have studied the n u t r i e n t requirements of the pH 
t o l e r a n t species Chlamydomonas a c i d o p h i l a and concluded t h a t at reasonable 
l e v e l s o f l i g h t and temperature most species can withstand a wide range of 
n u t r i e n t s a t pH 2.0. Work t h a t has been done by these authors on Carteria 
a c i d o p h i l a has r e s u l t e d i n s i m i l a r conclusions. I n c o n t r a s t C. turfosa was 
found t o have an absolute requirement f o r some vitamins and was unable to 
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t o l e r a t e as low a pH. Much work has also been done on Cyanidium caldarium by 
Doemal e t a l . (1971) and Ascione e t ^ 1 . (1966). Several species of Euglena 
have also been studied by Jahn (1931), Schoenborn (1950) and Moss (1973). 
Kersler (1965) reported 7 species of C h l o r e l l a t h a t were able to withstand a 
pH range of 2.0 - 3.0. Oborn (1960), Hutner e t a l . (1950) and Cassins (1974) 
have studied the e f f e c t of varying Fe i n n a t u r a l waters but l i t t l e i s known of 
the e f f e c t of pH on i t s a v a i l a b i l i t y . Foy e t a l . (1972) examined the 
response of C h l o r e l l a pyrenoides to Al and low pH and showed an increased 
requirement below pH 4.6. They also reported increased tolerance to high 
l e v e l s of A l using s t r e s s techniques. 
1.232 Heavy metals and low pH 
Apart from the work by Besch e t a l . (1971) and Hargreaves (1975) l i t t l e 
d e t a i l e d work has been done on the combined e f f e c t of low pH and heavy metals. 
Both these authors concluded t h a t a c i d i t y i s tiie primary f a c t o r governing 
species t o l e r a n c e altliough heavy metals may be playing an important secondary 
r o l e a t the pH l i m i t s f o r a p a r t i c u l a r species. A more d e t a i l e d account o f 
the general conclusions drawn by Hargreaves i s presented i n 1.3. 
1.233 Mechanisms involved in pH tolerance 
L i t t l e work has been done on the mechanisms involved i n tolerance to low 
pH. Cassins (1974) has proposed t h a t s p e c i a l i s e d membranes must be involved 
i n acid r e s i s t a n t algae. Haryreaves (1977) suggested t l i a t an a c t i v e process 
was i n o p e r a t i o n i n algae vv^nich was s i m i l a r to t h a t proposed by Manning et a l . 
(1972) f o r b a c t e r i a . Clymo (1968) showed t h a t an ion exchange system existed 
i n Sphagnum by which H"*" ions were released i n exchange f o r other metal ions. 
He also noted t h a t t h i s release was p r o p o r t i o n a l to the the amount of 
polyu r o n i c acid present i n the c e l l w a l l . 
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1.3 Thesis aims 
The main aim of t h i s t h e s i s i s to show how database technology can be 
used i n the an a l y s i s o f e c o l o g i c a l questions concerning the aquatic 
environment. This w i l l be achieved by examination of the experience gained i n 
designing a database system and i n performing a s p e c i f i c analysis using t h a t 
system. A secondary aim i s t o i n v e s t i g a t e the s t a t i s t i c a l and other 
techniques wtiich may be used i n such analyses. This study was i n i t i a t e d 
because of the absence of a d e t a i l e d examination of the database technology 
a v a i l a b l e t o the b i o l o g i s t i n t e r e s t e d i n problems concerning aquatic ecology 
and because o f the authors t w i n i n t e r e s t s i n botany and computing. The choice 
of the acid dataset f o r d e t a i l e d examination was governed by the a v a i l a b i l i t y 
of the data and the authors p r a c t i c a l knowledge of the species and s i t e s 
involved and h i s p a r t i c i p a t i o n i n the data c o l l e c t i o n and a n a l y s i s . 
The questions which the database approach to the acid environment w i l l 
hope to examine stem from conclusions drawn by Hargreaves (1977): 
1. the number o f species a t a s i t e i s d i r e c t l y p r o p o r t i o n a l to the pH ( p. 
317) Lowering t l i e pH r e s u l t s i n fewer species although the biomass may not 
change m a t e r i a l l y (p. 316) 
2. f a c t o r s a d d i t i o n a l t o pH have an important e f f e c t on the d i s t r i b u t i o n of 
species e s p e c i a l l y near the pH l i m i t f o r those species. These f a c t o r s are 
both ciiemical and p t i y s i c a l - f o r example c u r r e n t speed and substratum 
s t a b i l i t y (p. 318) 
3. a t a g l o b a l l e v e l the species of acid environments are geograp*iically 
d i s t r i b u t e d (p. 316) 
4. although species composition changes very l i t t l e i n absolute terms 
seasonal v a r i a t i o n s occur v i ^ i c h are very s i m i l a r from s i t e t o s i t e (p. 
316). 
I n a d d i t i o n i t i s hoped t o show t h a t the database approach w i l l a l l o w 
p a t t e r n i n the d i s t r i b u t i o n of the data t o be discerned and c l a s s i f i c a t i o n o f 
low pH environments and [ ^ o t o s y n t h e t i c organisms t o be made. 
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2.1 Computing system 
2.11 General introduction and background information 
2.111 Introduction 
I n order to examine the use of database techniques the d e c i s i o n was made 
to design and implement such a system based on "The Durham Recording System" 
(Wtutton e t a l . , 1976). IVo problems were immediately apparent, choice of 
computer hardware and software w i t h vi^iich t o make the implementation and 
system design c r i t e r i a . Secion 2.11 provides an overview of the computing 
background and the Northumbrian U n i v e r s i t i e s Multi-Access Computers v ^ i c h were 
used, w h i l e Section 2.12 provides an i n s i g h t i n t o the design adopted. 
2.112 Hardware available : N.U.M.A.C. system 
The Northumbrian U n i v e r s i t i e s Multi-Access computers (NUMAC) are an IBM 
370/168 and an IBM 360/67 located i n the Claremont Tower, Newcastle 
U n i v e r s i t y . These are connected to " f r o n t end processing" s a t e l l i t e s which 
are u s u a l l y Decsystem PDP 11/20 minicomputers. The various FEPs handle batch 
and t e r m i n a l communications between the c e n t r a l s i t e (Newcastle) and the 
Remote Job Entry s t a t i o n s . The Durham RJE s t a t i o n i s connected to NUMAC v i a a 
leased Post O f f i c e telephone l i n e . Terminal t r a f f i c to NUMAC i s handled by a 
PDP 11/21 located i n Durham. Batch t r a f f i c to both the 360 and 370 computers 
i s handled by an IBM 1130 computer located i n Durham. 
Other hardware used were the Durham Computer Unit PDP 11/34 running 
under the UNIX operating systan ( f o r INGRES work and f i l e t r a n s f e r to NUMAC) , 
the Cambridge IBM 370 ( f o r some s t a t i s t i c a l packages not a v a i l a b l e on NUMAC) 
and the FR-80 laser p l o t t e r a v a i l a b l e v i a the Rutherford IBM 360/195 wtiich was 
used f o r some g r a p h i c a l a p p l i c a t i o n s . 
2.113 M.T.S. (Michigan Terminal System) 
MTS i s the p r e f e r r e d operating system f o r the NUMAC 370 and i s the one 
on v i i i c h most of the computing f o r t h i s t h e s i s was performed. MTS (Boetner & 
Alexander, 1976) i s a t e r m i n a l o r i e n t a t e d time sharing system t h a t o f f e r s both 
batch and t e r m i n a l f a c i l i t i e s simultaneously on computers having the IBM 
360/370 a r c h i t e c t u r e . Among i t s a t t r a c t i v e features are v i r t u a l memory 
handling (Denning, 1971), and m u l t i p l e c e n t r a l processor support (Alexander, 
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Table 2.11-1 
Types and c h a r a c t e r i s t i c s of p e r i p h e r a l devices supported by NUMAC 
I L e i a o r 
M;^in p r o c e . ' j E o r 
C l i a n n e l 




Fixed head d i o k 
D i s k d r i v e 
M/tape d r i v e 
P/tPpe reader 
p u n c h 
P r i n t e r s 
Card reader 
punch 






















C i l p l o t 2 







any 9 t r a c k 





11 inch paper 
30 i n c h paper 
30 inch paper 
s e v e r a l 
1 . 




s e v e r a l 













Newcastle / Durham 
Newcastle / Durham 
Newcastle / Durham 
Durham 
Newcastle 




Newcastle / Durham 
Newcastle / Durham 
(Much o f the communications equiprn'tnt i s o m i t t e d from t h i s t a b l e - howevor 
mention must be made o f the speciaJ channel i n t e r f a c e r e f e r r e d t o as the 
the "NUMAC CAGO" which connect t o MTS t h e v a r i o u s Front End Processing 
Decsysfcem PDP l l / 2 0 s which d e a l s w i t h the m a j o r i t y of Duthd.:; o e r i p i i e r a l s . ) 
1972) . 
The user sees MTS as two subsystons, the te r m i n a l or multi-access 
subsystem i n which the user has f a c i l i t i e s f o r conmunicating w i t h running 
programs and f o r e d i t i n g h i s f i l e s on di s c ; and the other i s the batch 
processing subsystan which o f f - l i n e s i t s i n p u t and output (McKeag, 1972). 
Both subsystems use the same command language and a user may submit jobs from 
h i s t e r m i n a l f o r execution by the batch subsystem. Both batch and terminal 
subsystems are able t o access the f u l l range of p e r i f ^ e r a l devices through 
Device Support Routines (DSRs). Each device has i t s own ESR v ^ i c h the system 
accesses v i a a common Input/Output (I/O) i n t e r f a c e , and an unique four 
character device name. The user may access the devices through t h e i r 
Pseudo-Device Name (PEW), some of v*iich are predefined, f o r example the 
te r m i n a l device i n t e r m i n a l mode has the PDN "*MSOURCE*" on in p u t (master 
source) and the PDN "*MSINK*" on output (master s i n k ) , other HDNs may be user 
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defined f o r example to deal w i t h magnetic tapes. 
2.114 MTS f i l e structure 
MTS has three f i l e c a t e g o r i e s . Public f i l e s are maintained by NUMAC 
s t a f f and are accessible t o a l l system users. Examples of f i l e s i n the Public 
domain are *PL1 wtiich contains the PL/1 compiler and tl i e *SORT u t i l i t y 
program. P r i v a t e f i l e s are the users r e s p o n s i b i l i t y and must be permitted 
e x p l i c i t l y t o other users. The t h i r d f i l e category i s the temporary or 
scratch f i l e . These are i d e n t i c a l to p r i v a t e f i l e s except t l i a t they e x i s t 
o n l y f o r the d u r a t i o n of a t e r m i n a l or batch session. 
Ttiere are two types o f f i l e , sequential and l i n e f i l e s . Sequential 
f i l e s have l o g i c a l records of i n f o r m a t i o n arranged i n a s t r i c t l y sequential 
f a s h i o n . Line f i l e s , c o n s i s t of l o g i c a l records or l i n e s and an associated 
l i n e numt)er. Line f i l e s may be accessed by t h e i r l i n e number or s e q u e n t i a l l y . 
Because of the indexed nature of l i n e f i l e s they are used e x t e n s i v e l y w i t h i n 
the SIEUR system. At the MTS l e v e l the basic u n i t of a l i n e f i l e i s the 
pTiysical record which i s 4096 bytes (1 page of storage) long. A l i n e f i l e 
c o n tains two l o g i c a l components, namely the l i n e d i r e c t o r y and tl\e data 
s e c t i o n . The l i n e d i r e c t o r y c o n s i s t s of f i x e d length e n t r i e s , f o r every l i n e 
i n the f i l e ordered by l i n e number. I n a d d i t i o n there are e n t r i e s f o r each 
a v a i l a b l e 'hole' i n the data s e c t i o n . Itiese e n t r i e s contain the l i n e nimkier 
and i n d i c a t e where the l i n e i s i n terms of the l o g i c a l page number w i t h i n the 
f i l e (maximum 32767 pages), and the displacement w i t h i n the page. The data 
s e c t i o n contains the l o g i c a l l i n e preceded by the l i n e l e n g t l i , or holes where 
l i n e s t h a t have been deleted were. Long l i n e s are broken i n t o pieces and 
stored w i t h a d d i t i o n a l i n f o r m a t i o n which a l l o w a l l the pieces t o be found. 
Lines up t o 32767 bytes long may be stored i n the 32767 pages which a f i l e may 
possess, however, i n p r a c t i c e the size l i m i t f o r l i n e f i l e s i s approximately 
24000 pages of i n f o r m a t i o n or approximately 36 m i l l i o n characters ( P i r k o l a , 
1975) , v*iich i s the l i m i t f o r IBM compatible 3330 type d i s k s . 
2.115 ms f a c i l i t i e s 
The f a c i l i t i e s (programs) wtiich MTS o f f e r s are d i v i d e d i n t o three p a r t s . 
Command Load Subsystems (CLSs) (MTS volume 1, 1978), p u b l i c f i l e s (MTS voluiie 
2, 1977) and subroutines (Ml^ voltine 3, 1976). The two most useful CLSs are 
the system loader and ttie f i l e o ( ] i t o r . The system loader permits the user to 
"run" h i s program and to monitor or trace wliat occurs. 'Ihe t i l e e d i t o r i s a 
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powerful t e x t e d i t o r i n c o r p o r a t i n g a Snobol l i k e p a t t e r n matching f a c i l i t y 
(Grisewold et a^l., 1971). Extensive use was made of t i i i s e d i t o r f o r data 
p r e p a r a t i o n and program development. The debug CLS was used e x t e n s i v e l y t o 
t e s t and to monitor s t a t i s t i c a l l y program performance. 
Many p u b l i c f i l e s were used e x t e n s i v e l y i n the development of the 
computing system. The IBM PL/1 F-level compiler as implemented i n the *PL1 
p u b l i c f i l e (MTS volume 7, 1977) was used to compile the code. The *SORT 
program and subroutines and other p u b l i c u t i l i t y subroutines (MTS volune 5, 
1976) were also used e x t e n s i v e l y . 
2.116 Choice of progranming language 
PL/1 (IBM system documentation, 1971) was chosen as the p r e f e r r e d 
language f o r the computing systan f o r the f o l l o w i n g reasons. 
1. i t can handle a wide v a r i e t y of data types, and has reasonable s t r i n g 
handling c a p a b i l i t i e s . SN0B0L4 (and i t s MTS v a r i a n t SPITBOL, MTS volune 
9, 1975) were considered too cumbersome and i n e f f i c i e n t f o r numeric 
aspects of the programming, and too i n f l e x i b l e e s p e c i a l l y i n t h e i r 
i n a b i l i t y t o c a l l e x t e r n a l r o u t i n e s w r i t t e n i n other languages 
2. i t i s a block s t r u c t u r e d language w i t h many s i m i l a r i t i e s to ALGOL (MTS 
volume 16, 1978). FORTl-tAN (MTS volume 6, 1978), 360/370 Assanbler (MTS 
volume 14, 1978) and BASIC (MTS volune 10, 1974) were discarded as 
i n a p p r o p r i a t e 
3. i t has f l e x i b l e storage handling f a c i l i t i e s b u i l t i n t o the language 
4. i t has s o p h i s t i c a t e d input/output handling f a c i l i t i e s q u i t e u n l i k e , and 
f a r s uperior t o , most other languages 
5. i t has several b u i l t i n i n t e r r u p t f a c i l i t i e s f o r exception handling. I n 
a d d i t i o n i t i s possible to w r i t e code f o r user w r i t t e n exception handling 
6. i t has many u s e f u l and powerful b u i l t i n f u n c t i o n s f o r mathematical and 
s t r i n g handling purposes 
7. i t has good debugging f a c i l i t i e s t h a t r e s u l t i n high programmer 
p r o d u c t i v i t y 
8. i t i s reasonably w e l l documented, w e l l supported and easy to use. 
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The disadvantages of PL/1 stem from the complexity of the language and 
i t s consequent s i z e , and the i n e f f i c e n c y of the IBM B-level compiler see 
7.116. I n order t o overcome these, and t o increase the speed of c e r t a i n 
f r e q u e n t l y used but i n e f f i c i e n t program code. Assembler subroutines were 
w r i t t e n t o complement the PL/1 subroutines. 
2.117 S t a t i s t i c a l packages 
Comparisons of various s t a t i s t i c a l packages have been performed before. 
Wliere p o s s i b l e any s t a t i s t i c a l procedure has been repeated using more than one 
s t a t i s t i c a l package. Where d i f f e r e n c e s i n the r e s u l t s are encountered these 
are discussed (Section 3.43). The s t a t i s t i c a l packages used were sres version 
8 (Nie e t a l . , 1975), MIDAS (Fox e t a l . , 1976), OSIRIS I I I release 2 
( I n s t i t u t e f o r Social Research, 1973) and CLUSTAN IC (Wishart, 1978). Choice 
of a p a r t i c u l a r package f o r a s t a t i s t i c a l procedure was based on the known 
c h a r a c t e r i s t i c s of the packages, the f a c i l i t i e s provided f o r dealing w i t h 
missing data and the ease and f l e x i b i l i t y of use. 
A s e r i e s o f t a b u l a t i o n programs were w r i t t e n to augment the computer 
system programs i n the pr e p a r a t i o n of data f o r the packages. 
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2.12 Recording system protocols 
2.121 Introduction 
The Durham Recording System (Whitton £t a l . , 1976) establishes r u l e s or 
p r o t o c o l s f o r the c o l l e c t i o n of b i o l o g i c a l , physical and chemical sample data 
from s p e c i f i e d sub-sections of streams and r i v e r s . At the lowest l e v e l the 
Recording System p r o t o c o l s e s t a b l i s h the u n i t s i n which the data are to be 
c o l l e c t e d . The b i o l o g i c a l u n i t s are "species" and are d e a l t w i t h by the 
S p e c i e s l i s t P r o t o c o l , p t i y s i c a l and chemical parameters are d e a l t w i t h as 
"catalogued v a r i a b l e s " by the C a t l i s t Protocol and Uie "stream geographical" 
u n i t s are d e a l t w i t h by the Reachlist P r o t o c o l . The protocols wtiich deal w i t h 
the a c t u a l samples taken are the Rivdata Protocol and the Chemdata Pr o t o c o l . 
Ttie v arious p r o t o c o l s attempt also to describe the data which reside i n 
the system i n computing terms. I t i s obvious t h a t there w i l l be considerably 
more s t r u c t u r e t o the data than i s suggested by the Recording System 
p r o t o c o l s . 
2.122 S p e c i e s l i s t Protocol 
The SIEUR implanentation of the S p e c i e s l i s t Protocol c u r r e n t l y 
e s t a b l i s h e s a c h e c k l i s t of 3810 species numbers (June 1980). The species 
numbers are 6 d i g i t i d e n t i f i e r s i n which the f i r s t p a i r of "phylum d i g i t s " 
i d e n t i f y the fhylum or broad b o t a n i c a l grouping e.g. l i c h e n s , the second p a i r 
of "genus d i g i t s " i d e n t i f y the genus and the l a s t p a i r of "species d i g i t s " 
i d e n t i f y the sfjecies. A species number may represent e i t h e r a s t r i c t binomial 
or else a more or less broad "dumping ground". At present (June 1980) there 
are 27 p o s s i b l e phylum p a i r s and 606 genus p a i r s defined by the S p e c i e s l i s t 
P r o t o c o l . 
The S p e c i e s l i s t Protocol t h e r e f o r e establishes a c h e c k - l i s t of species 
vihich i s by no means complete. I t i s however, a l i s t of a l l the species which 
an above average aquatic b o t a n i s t should be able t o i d e n t i f y . I n a d d i t i o n i t 
i s a l i s t which allows every specimen found t o be given a species number. The 
p o t e n t i a l l oss of i n f o r m a t i o n and s p e c i f i c i t y due t o the l i s t excluding rare 
or d i f f i c u l t species i s a l l e v i a t e d by the p r o v i s i o n of a systan f o r recording 
notes about species "dumped". 
The a d d i t i o n of a new species number to the l i s t requires t h a t several 
procedures be f o l l o w e d . The f i r s t i;; a check t h a t no data are present i n the 
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system i n a dumping ground Uiat could be b e t t e r described by the new species 
number. The second requires t h a t a l l computer and other f i l e s be updated and 
t h a t the a d d i t i o n be l i s t e d w i t h a date and time. The t h i r d procedure i s a 
systematic update of a l l data, on computer f i l e and other media a f f e c t e d by 
the a d d i t i o n . 
The f o l l o w i n g f i l e s are associated w i t h the S p e c i e s l i s t Protocol: 
TAXONINFO computer l i n e f i l e , indexed by species nunber, containing the 
d e f i n i t i v e c u r r e n t v e r s i o n of the S p e c i e s l i s t 
SPECIESLIST p r i n t a b l e l i s t o f a l l the species c u r r e n t l y recognised by the 
p r o t o c o l . The Master S p e c i e s l i s t i s the only d e f i n i t i v e copy 
TAXVERDAT l i s t o f every v e r s i o n t h a t has ever exist e d of TAXONINFO 
TAXNEWDAT date, time, v e r s i o n and species number of every a d d i t i o n . 
Two programs e x i s t t o manage the S p e c i e s l i s t P r o t o c o l . One adds new 
species numbers, updating TAXVERDAT and TAXNEWDAT as necessary. The second 
produces a Master S p e c i e s l i s t from tii e new vers i o n of TAXONINFO. 
2.123 R e a c h l i s t Protocol 
The SIEUR implementation of the Reachlist Protocol defines a stream and 
the reach sub-unit of the stream. Streams are grouped according t o a r b i t a r y 
p o l i t i c a l u n i t s ( c o u n t r i e s ) , and a t present (June 1980) there are some 400 
streams d i s t r i b u t e d between 8 c o u n t r i e s . 'ihe stream i s d i v i d e d i n t o an 
a r b i t a r y number of 10 m reaches each o f which must conform to several 
s p e c i f i e d c r i t e r i a . Every reach has a s i x d i g i t decimal i d e n t i f i e r r e f e r r e d 
to as a "sarnumber" v i z . " s s s s . r r " . The f i r s t four d i g i t s of the sarnunber 
are the "stream nunber"; the f i r s t d i g i t o f the stream number i d e n t i f i e s the 
country. Tlie l a s t two d i g i t s of the sarnumber i s the "reach nunber"; reaches 
are nunbered from 01 to 99, the higher the reach number the f u r t h e r downstream 
the reach. Reach number 01 i s reserved e x c l u s i v e l y f o r the reach which issues 
d i r e c t l y from an underground source and which can be deemed to receive no 
upstream innoculum. The Reachlist Protocol establishes the 10 m reach as a 
standard u n i t w i t h i n the concept of a stream. I t i s only from designated 
reaches t h a t 100 ram2 samples may be taken f o r b i o l o g i c a l a n a l y s i s . S i m i l a r l y 
water chemistry samples may o n l y be taken f r a n designated reaches. 
The a d d i t i o n o f new streams and reaches occurs from time to time, and 
on l y occurs a f t e r a d e t a i l e d a n a l y s i s of the e f f e c t of the a d d i t i o n on the 
data already h e l d . 
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The f o l l o w i n g f i l e s are associated w i t h the Reachlist Protocol: 
REACHINFO computer l i n e f i l e , indexed by stream and reach (sarnunber) , 
cont a i n i n g the d e f i n i t i v e c u r r e n t version of the Reachlist 
REACHLIST p r i n t a b l e l i s t o f a l l tl i e reaches c u r r e n t l y recognised by the 
p r o t o c o l . The Master Reachlist i s the on l y r e l i a b l e copy by 
d e f i n i t i o n 
REACHVERDAT l i s t o f every v e r s i o n t h a t has ever existed of REACHINFO 
REACHNEWDAT date, time, v e r s i o n and sarnumber of every new a d d i t i o n . 
TVo programs e x i s t t o manage the Reachlist P r o t o c o l . One adds new 
streams and reaches, updating REACHVERDAT and REACHNEWDAT as necessary. The 
second produces a Master Reachlist from the new version of REACHINFO. 
2.124 C a t l i s t Protocol 
The c u r r e n t implementation of the C a t l i s t Protocol defines some 20 
s e m i - q u a n t i t a t i v e m u l t i s t a t e v a r i a b l e s and some 200 q u a n t i t a t i v e continuous 
v a r i a b l e s . The m u l t i s t a t e v a r i a b l e s are managed f u l l y by the C a t l i s t 
P r o t o c o l , the continuous v a r i a b l e s are not in t e g r a t e d f u l l y i n t o the automatic 
maintenance by the p r o t o c o l . They are managed on an ad hoc basis i n f i l e s 
known as d i c t i o n a r i e s ; they are however r i g i d l y bound by the precepts of the 
p r o t o c o l . When sample data are added to the system, the i n d i v i d u a l values 
recorded are checked against the p r o t o c o l to see i f they e x i s t ( i n the case of 
m u l t i s t a t e v a r i a b l e s ) or f o r reasonableness ( i n the case of continous 
v a r i a b l e s ) . I f a m u l t i s t a t e v a r i a b l e value does not e x i s t t h a t wtiole sample 
record w i l l not be added i n t o the computing syston. I f a continuous v a r i a b l e 
value i s o u t s i d e the bounds o f reasonableness the user i s warned and must 
o v e r - r i d e the warning i f the sample record i s t o be added to the system. 
Automatic maintenance of the C a t l i s t Protocol only occurs f o r the 
m u l t i s t a t e v a r i a b l e s as mentioned e a r l i e r . A d d i t i o n of v a r i a b l e s t o the 
p r o t o c o l s i s avoided though not impossible. A d d i t i o n to the s t a t e s that may 
e x i s t occurs from time t o time. The data f i l e s associated w i t h t h i s p r o t o c o l 
are: 
GATINFO computer f i l e indexed by v a r i a b l e nunber and m u l t i s t a t e value code 
CATLIST p r i n t a b l e l i s t of the c u r r e n t l y recognised v a r i a b l e s and t h e i r 
acceptable values 
CATVERDAT l i s t o f a l l the v e r s i o n of CATINFO 
CATNEWDAT date, time and ve r s i o n of a l l new v a r i a b l e s or values added to the 
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p r o t o c o l 
RIV.DICT d i c t i o n a r y of a l l v a r i a b l e s found i n the Rivdata Protocol 
CHEM.DICT d i c t i o n a r y of a l l v a r i a b l e s found i n tl:ie Chemdata Protocol 
QSYS.DICT d i c t i o n a r y concerned w i t h a l l system v a r i a b l e s used by the Query 
Subsystem (see 2.134). 
iwo programs e x i s t t o manage the m u l t i s t a t e p o r t i o n of the p r o t o c o l . 
These update the CATVERDAT and CATNEWDAT f i l e s as appropriate and produce a 
Master C a t l i s t from the new v e r s i o n of CATINFO. 
2.125 Rivdata Protocol for b i o l o g i c a l l y r e l a t e d data 
The c u r r e n t implementation of the Rivdata Protocol establishes four 
sampling u n i t s f o r the c o l l e c t i o n and storage of b i o l o g i c a l and r e l a t e d data. 
Each u n i t c o n s t i t u t e s a d e t a i l e d data c o l l e c t i o n sub-protocol; two are 
c u r r e n t l y i n use; the " f l o a t i n g reach", and " h a l f km s t r e t c h " are not yet 
implemented. The "one by one" sub-protocol recognises data c o l l e c t e d from 
100 mm2 areas of the reach substratum (as defined by the Reachlist P r o t o c o l ) , 
and the "aggregate" sub-protocol wtiich allows d e s c r i p t i o n of the complete 
f l o r a of a reach on one s p e c i f i e d day. 
The Rivdata Protocol recognises not only the sampling u n i t s but also 
t h a t the data c o l l e c t e d has some s t r u c t u r e and t h e r e f o r e provides common 
mechanisms f o r handling these s t r u c t u r e s (see Section 1.13). The s t r u c t u r a l 
aspects of the data and more user rel e v e n t d e t a i l s may be found i n the 
documentation, however, the main s t r u c t u r e s recognised are sunmarised below: 
1. A t t r i b u t e type; u s u a l l y o b l i g a t o r y v a r i a b l e s wtiich may be m u l t i s t a t e and 
are always p o s i t i v e i n t e g e r s 
2. n - l i s t type; any l i s t o f p o s i t i v e i n t e g e r s e.g. the species numbers found 
i n a b i o l o g i c a l sample preceded by n the number of such integers 
3. H i e r a r c h i c a l type; where several n - l i s t s may be anchored only on an item 
i n another n - l i s t e.g. epiphyte data 
4. Textual type; an extension of t l i e n - l i s t t o cover character data wtiere n 
i s the number of sej^arate coherent pieces of t e x t of m characters each 
( c u r r e n t l y m i s 80 corresponding to an IBM punched card image). 
The a d d i t i o n , update and r e t r i e v a l of data from t h i s p r o t o c o l form the 
basis of the SIEUR computing system and i s described i n Section 2.13. 
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The f o l l o w i n g f i l e s are associated w i t h the Rivdata P r o t o c o l : 
RIVUATA main data f i l e , which c o n s i s t s f o r each record of 6 n-m l i s t s 
vhich contain the record key, the raw data as entered, the l i s t of 
species and l i v e and dead scores, the l i s t of epiphytes, the l i s t 
of morphological forms and a l i s t of notes see also 2.132 
SPEDAT a u x i l l i a r y f i l e indexed by speciesnumber and l i v e dead values 
c o n t a i n i n g e n t r i e s c o n s i s t i n g of the RIVDATA s e r i a l processing 
i d e n t i f i e r 
SARDAT a u x i l l i a r y f i l e indexed by sarnunber containing e n t r i e s c o n s i s t i n g 
of the RIVDATA s e r i a l processing i d e n t i f i e r 
DATEDAT a u x i l l i a r y f i l e indexed by date i . e . "YYMMDD" containing entries 
c o n s i s t i n g of the RIVDATA s e r i a l processing i d e n t i f i e r 
RIV.DICT See 2.214 
S.A.LOG SIEUR systan a c t i v i t y log containing e n t r i e s f o r every t r a n s a c t i o n 
performed on the data. The e n t r i e s are s t a t i s t i c s recorded about 
the t r a n s a c t i o n undertaken. 
2.126 The Chemdata Protocol for chemically related data 
The Chemdata Protocol e s t a b l i s h e s a mechanism f o r c o l l e c t i n g and s t o r i n g 
water chemistry and r e l a t e d data. Only one data s t r u c t u r e which i s s i m i l a r to 
the a t t r i b u t e type mentioned above i s a v a i l a b l e , the d i f f e r e n c e from the 
a t t r i b u t e type being t h a t continuous v a r i a b l e s are stored and are us u a l l y 
o p t i o n a l l y present. The chemical data c o l l e c t i o n i s bound by the Reachlist 
Proto c o l 2.123. Each chemical sample must come from a designated reach and 
must be c o l l e c t e d and analysed i n the standard ways associated w i t h each 
v a r i a b l e being measured. Itie a d d i t i o n , update and r e t r i e v a l of chemical data 
i s described i n Section 2.13. 
The f o l l o w i n g f i l e s are associated w i t h the Chemdata Protocol: 
CHEMD^TA main water chemistry data f i l e v«*iich contains the relevant 
chemistry data. The CHEMDATA s e r i a l processing i d e n t i f i e r i s used 
as the a u x i l l i a r y f i l e entry. See 2.132 
SARDAT See 2.126 
DATEDAT See 2.126 
CHEM.DICT See 2.124 
S.A.LOG See 2.126. 
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2.127 Other protocols 
The A u x i l l i a r y F i l e Protocol i s a computer o r i e n t a t e d p r o t o c o l which 
d e f i n e s the nature of index a u x i l l i a r y f i l e s and i s not s t r i c t l y p a r t of the 
Recording Systan p r o t o c o l mechanism. The f i l e s are the MI'S l i n e f i l e s i n 
which the l i n e nunber i s used to represent a key, and the l o g i c a l record i s an 
n - l i s t (2.125) of p o i n t e r s i n t o the relevent datasets. The maintenance of the 
a u x i l l i a r y index (inverted) f i l e s i s d e a l t w i t h i n Section 2.13. The f i l e s 
v^^ich form tl-ie p r o t o c o l are s u f f i x e d -DAT and are described i n terms o f t h e i r 
data content i n 2.126. 
There are also p r o v i s i o n s f o r separate p r o t o c o l s to deal w i t h sediment 
and p l a n t analyses, although a t t h i s time there e x i s t s no complete 
implementation of these. 
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2.13 Data organisation 
2.131 Introduction 
The Recording System pr o t o c o l s f o r sampled data (See 2.125 & 2.126) are 
implemented i n such a way as to all o w t i i r e e operations to occur: data e n t r y , 
managed by the "Testadd & Add Subsystan", data update managed by the "Update 
Subsystem" and data r e t r i e v a l managed by the "Query subsystem". 
B i i s s e c t i o n deals w i t h the t h e o r e t i c a l aspects of the three subsystems. 
For more d e t a i l e d user i n f o r m a t i o n the system docunentation must be consulted. 
2.132 Data entry - Testadd & Add Subsystem 
Itie Testadd & Add Subsystem performs two operations. I t checks the 
syntax and semantics o f each datun (Testadd) , and then updates the data and 
a u x i l l i a r y f i l e s , and logs i n f o r m a t i o n about such updates (Add). 
The syntax check t e s t s the input f i e l d s t o ensure t h a t the data are of 
the expected type, and contains no in c o n s i s t a n c i e s . A semantics check then 
uses the C a t l i s t Protocol f i l e s to ensure t h a t the data are v a l i d i n terms of 
the recording system p r o t o c o l s . When these two operations are complete f o r 
the whole i n p u t record an i n t e r n a l image of the record i s made. When a l l the 
records of any p a r t i c u l a r input dataset have been checked and a complete 
i n t e r n a l image of the data e x i s t s , the i n t e r n a l image i s checked to ensure 
t h a t no d u p l i c a t e i n p u t record e x i s t s . This i s done using a key, the 
composition of v/hich i s discussed l a t e r . Each input record key i s checked f o r 
d u p l i c a t i o n against data already i n the system using the stream and reach 
a u x i l i a r y f i l e (SARDAT). I f no d u p l i c a t e s e x i s t and no other e r r o r s have been 
encountered the Testadd & Add Subsystem moves i n t o i t s f i n a l fkiase wtiich 
performs the f o l l o w i n g sequence of a c t i v i t i e s : 
1. a note i s made i n t o a f i l e t h a t the system i s vunerable 
2. the system data f i l e s are locked f o r update, and a l l other users are 
denied access f o r c i b l y 
3. the i n t e r n a l image of the input data i s converted i n t o i t s f i n a l form and 
deposited i n the r e l e v a n t f i l e . Any a u x i l l i a r y f i l e s a f f e c t e d are also 
updated 
4. each in p u t record i s given a " s e r i d " wtiich c o n s i s t s of an unique 
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processing s e r i a l number r e f e r r e d to as a " s e r a i " wiiich includes a one 
character s e r a i type i d e n t i f i e r known as the " s i d " udiich i s ":" f o r water 
chemistry records, "*" f o r one by one b i o l o g i c a l records, and "#" f o r 
aggregate b i o l o g i c a l records. 
Mien these operations have been completed s u c c e s s f u l l y , the data f i l e s 
are unlocked and other users permitted access to tnem. The system v/ulnerable 
message i s removed and system update logs v / r i t t e n -with information about the 
progress of t i i e a d d i t i o n , and s t a t i s t i c s about the input data and t l i e time 
taken t o complete the data a d d i t i o n . 
I f the system should f a i l i n t h i s f i n a l phase or i f MTS f a i l s f o r any 
reason, the system i s deemed to have crashed. I f the systan has crashed 
i r r e v o c a b l y , tiie back-up copy of the system must be brought across from tape 
or p r i v a t e d i s k . I f only a p o r t i o n of the system i s a f f e c t e d , there are 
recovery prograriis \4uch can "mend" the data. However, a system crash has 
occurred o n l y once - because of a MIS f a u l t - and recovery tooK 54.2 seconds 
of computer processor time (CPU t i m e ) . 
'Ihe sequence of operation:; described above i.s true f o r lx)th b i o l o g i c a l 
and chemical data. The d i i f e r o n c e s whichi e x i s t ar(,' due to the nature of the 
comparison keys, and the p i i y s i c a l sefjaration of the f i n a l data i n t o biology 
and c h a i i i s t r y f i l e s . This d i f f e r e n c e i s f o r convenience i n nandling the data 
and t e s t i n g tiie system and a r i s e s from the d i f f e r e n t sampling methodologies. 
I t has been envisaged, but may be i m p r a c t i c a l , t o combine the two for 
computing purposes such t h a t o n ly one series of s e r a i s need be a l l o c a t e d . 
Thie comparison key for water chemistry records consists of the stream 
and reach nimber, year, month, day and hour of the sampling. The comparison 
key f o r 100 nm2 b i o l o g i c a l samples i s the stream, reach and sample nunber, 
year, month and day. The same key i s used f o r b i o l o g i c a l aggravates samplings 
except t h a t the sample number i s always assumed to be 0 since by d e f i n i t i o n 
there w i l l be o n l y one aggravate on any one day. One problan associated w i t h 
t h i s assumption i s t h a t several water c h a n i s t r i e s for a reach may a l l refer to 
t i i e same aggregate b i o l o g y . 
2.133 Data update - Update Subsystem 
Update i s possible only on an ad lioc basis, whereby the MTS text e d i t o r 
(see 2.114), i s invoked from t i i e Update Subsystem and used to modify stored 
data. Wliere update involves the a u x i l l i a r y f i l e s g reat care needs to be taken 
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to ensure Uiat i t has been c o r r e c t l y researcned. At present update i s 
performed one ' s e r a i ' at a time. I t i s envisaged t h a t a f u t u r e version of the 
program w i l l work on c o l l e c t i o n s of s e r a i s . I t i i s m o d i f i c a t i o n would prove 
extremely u s e f u l i n u[Jcjating b i o l o g i c a l data e.g. when taxonomic changes 
occur. 
2.134 Data r e t r i e v a l - Query Subsystem 
The Query Subsystem i s organised to allow queries of tne general form: 
RETRIEVE wnac tHW wnere WHEN query 
where the c a p i t a l i s e d words are more or less o b l i g a t o r y noise words. 
The "vv^iat" clause s p e c i f i e s \Jt\at subset of the r e t r i e v e d data i s required 
f o r d i s p l a y . The more usual course i s to allow t h i s clause t o take i t s 
d e f a u l t value of "stack". The stack i s a c o l l e c t i o n s o f ser i d s (as 
describecJ i n 2.132) wliich may L G stored i r i a f i l e t or f i i t u r e use or used 
immediately t o make f u r t h e r queries. 
The "v^iere" clause i s used to n o t i f y the suDsyscem whether a stack or raw 
data are t o be searcned. I f raw data are s p e c i f i e d the system performs 
various o p t i m i s a t i o n procedures i n processing the data. 
The "query" clause i s of the general form: 
V O N [log op V 0 N . . .] 
"V 0 N" i s r e f e r r e d to as a query atom i n wtiich the "V" i s any of the 
recognised v a r i a b l e s ( t o be found i n the query system d i c t i o n a r y f i l e 
QSYS.DICT) , "0" i s any of the ofxirators ( - , ~= , > , > = , < , < = ) , "N" 
i s a constant and "log op" i s e i t l i e r of the l o g i c a l operators "and" or 
"or". 
Included i n the Query Subsystem are many features i n c l u d i n g a "HELP" 
command, "SET" command and "TABULATE" conmand. 
Ihe Query Subsystem contains one major problan associated w i t h the cross 
reference of b i o l o g i c a l data and chemical data. This i s due t o the d i f f i c u l t y 
i n d e a l i n g w i t h a query of the fonn: 
"RETRIEVE speciesnumbers mm rawdata WHEN zitic > D.b" 
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f o r vviiich t h e r e are many possible a l t e r n a t i v e i n t e r p r e t a t i o n s . For example, 
t h i s may mean : 
" r e t r i e v e speciesnumbers when the zinc l e v e l was d e f i n a t e l y greater 
tlian 0.5 mg 1"!" 
t i i a t i s a biolo<-jical sample c o l l e c t e d on the same date and at the same time as 
a chemical sample; or i t may mean: 
" f o r every s i t e \ ^ i i c h has ever had zinc greater than 0.5 mg 1"! 
r e t r i e v e speciesnumbers" 
The problem i s one of expansion from a s e r a i to a stream and reach 
number, and tlien from t i i a t stream and reach nunber to f u r t h e r s e r a i s and stems 
from the separation of chemical and b i o l o g i c a l data both i n terras of sampling 
s t r a t e g y and computer storage (see 2.132). Expansion i s c l e a r l y dependant on 
whether a dated, d i r e c t , defined l i n k i s desired between ti i e aggregate biology 
and chemistry (or vice-versa) or v;riether an i n d i r e c t , by stream/reacii 
a s s o c i a t i o n l i n k i s re q u i r e d . Tliese expansion needs are f u l f i l l e d by the 
p r o v i s i o n of two parameters t o an "E X P A J N I D" command, embedded i n the Query 
Subsystan. The " B Y D A T E " parameter allows the former defined expansion, the 
" B Y S A R " , the i n d i r e c t stream and reach expansion. The " S E T " command allows 
the d e f a u l t parameter (EXPANDHOW = BYSAR) to be changed. A f u r t n e r set o p t i o n 
( A U T O E X P A N D = ON) allows every query t o be a u t o m a t i c a l l y expanded according t o 
tl i e c u r r e n t s e t t i n g of EXPANDHav. 
The model f o r the Query Subsystem i s the S E Q U E L , r e l a t i o n a l c a l c u l u s 
proposed by Chamberliri e t a l . (1972) . B'urther d e t a i l s o f t h i s rather 
extensive subsystem are covered i n the docunentation. 
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2.2 Acid stream data 
2.21 Data sources and s i t e information 
2.211 Introduction 
Tlie a c i d data analysed i n t h i s re[Jort are only p a r t of the considerable 
body of data res i d e n t i n the SIEUR systen wiiicii were c o l l e c t e d Dy various 
collegues i n tl i e Botany Def)artment a t Durham, e i t h e r as pa r t of major surveys 
or as e x p l o r a t o r y s i t e s t u d i e s . Altnough the m a j o r i t y of the acid samples 
were analysed by t l i e people c o l l e c t i n g t i i e data much worK was needed by the 
autlior to ensure t i i a t the sar.iple data were complete and were processed 
according to a l l the various data c o l l e c t i o n p r o t o c o l s . Trie s i t e s from wtiicli 
tliese data were c o l l e c t e d are sketc'ned out i n Part 6 . 1 using data a v a i l a b l e i n 
SIl'iUR system f i l e s , /YJditional data have been included wtiure these are 
re l e v a n t t)ut liave not been enterecJ i n t o the compuLmg '.>y:;U.m. 
Section 2.21 v ; i l l i n d i c a t e what data e x i s t i n the syytem as an adjunct 
to wliat data have been selected using the Query Subsystem Lor f u r t h e r 
a n a l y s i s . A l l t l i e data c o l l e c t e d have been processed tiirough the SIEUR e n t r y 
subsystan, which i m p l i e s t h a t they conform to the system protocols described 
before (Section 2.12). Ttie remaining sections i n 2 .2 w i l l describe the data 
s e l e c t i o n , processing and assuriiptions inherent i n the acid study. 
2.212 United Kingdom data 
Acid data t o r the United Kingdom (UK) are i n two sections, the l a r g e s t 
and most im^x^rtant Ijeing the Hargreaves dataset (Hargreaves, 1977). 'itie 
second s e c t i o n i s made up o f several smaller datasets from many sourc(.'S. The 
number of stream;; antJ reaches i n wtiich the pH has been a t or below various 
l e v e l s i s summarised i n Table 4 .12-1. The reacii inton.iation f o r reaches belovv 
pH 4.0 i s presented i n Table 5 . 1 2 - 1 . Ttie Hargreaves dataset consists of data 
c o l l e c t e d from the Brandon Acid Stream complex (1972 - 1975), and two general 
surveys o f acid s i t e s performed once i n l a t e summer (1973) and once i n spring 
(1974) . The smaller datasets come from occasional and survey t r i p s t o various 
s i t e s v^iich were undertaken t o provide a more complete p i c t u r e of the 
d i s t r i b u t i o n of a c i d i t y w i t h i n tne UK. 'Ihey are r e f e r r e d to as the "Parys 
Mouitain" and "W e s t t i e l d " datasets. 
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2.213 Other data 
Some a d d i t i o n a l data were c o l l e c t e d from several European and Anerican 
s i t e s . The data f o r tfiese s i t e s i n Table 5.12-1 are incomplete owing to the 
d i f f i c u l t i e s o f o b t a i n i n g maps of a comparable nature to the B r i t i s h Ordnance 
Survey s e r i e s , and owing to tii e s hort d u r a t i o n oL each v i s i t . 'itiese various 
datasets are r e f e r r e d to as the "Avoca Basin" dataset the "US mining" dataset, 
the "Yellowstone" dataset and t i i e "Belgian" dataset. 
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2.22 Data types and data processing 
2.221 Introduction 
This s e c t i o n w i l l describe the pnysico-chemical and b i o l o g i c a l data i n 
terms of the p r o t o c o l s used to c o l l e c t them, and w i l l j u s t i f y the methods used 
w i t h reference to the acid dataset. S t a t i s t i c a l assumptions concerning the 
data and considerations of s p e c i f i c acid datasets are discussed i n Section 
2 .24 . 
2.222 Water chemistry data 
The water ciiemistry data were c o l l e c t e d according to the Ctiandata 
Protocol and g e n e r a l l y f o l l o w s the methods suggested by the American Public 
Heal t i l A s s o c i a t i o n (1973). However, since the data which comprise the acid 
dataset were c o l l e c t e d a t d i f f e r e n t dates, the s p e c i f i c uiethod of o b t a i n i n g a 
measurement was f r e q u e n t l y d i f f e r e n t . Each new f r a c t i o n or method represents 
a refinement of technique r e s u l t i n g i n e i t h e r a lowering of the detectable 
l i m i t , a widening of the detectable range or a more accurate measurement of 
the v a r i a b l e based on c r i t e r i a such as the presence of contaminants. When 
data s e l e c t i o n was performed (see Section 2.23) tli e s u b s t i t u t i o n s o u t l i n e d i n 
Table 2.22-1 were performed t o a l l o w data from d i f f e r e n t s i t e s and d i f f e r e n t 
surveys t o be compared. The s e l e c t i o n order i s the reverse of the h i s t o r i c a l 
sequence i n v ^ i c h the v a r i o u s metiiods were added to the Chemdata Pro t o c o l . 
Table 2.22-1 deals w i t h zinc although the same f r a c t i o n s apply t o a l l 
the c a t i o n s . I n the presence o f more than one method or f r a c t i o n i n the data, 
the value f o r the method f i r s t encountered i n the t a b l e i s used. Anions are 
d e a l t w i t h i n a s i m i l a r manner. However, f o r the acid a n a l y s i s no 
s u b s t i t u t i o n s were re q u i r e d . Table 2.22-2 summarises the c a t i o n f r a c t i o n s and 
methods used i n generating the acid dataset. 
There has been no attempt t o see i f these s u b s t i t u t i o n s were v a l i d i n 
s t a t i s t i c a l terms f o r the f o l l o w i n g reasons. 
1. there are i n s u f f i c i e n t data t o see i f the s t a t i s t i c a l means of any two 
methods are s i g n i f i c a n t l y d i f f e r e n t , mainly because two or more methods 
have o n l y r a r e l y been employed together 
2 . the data tiave been c o l l e c t e d Lrom widely diLLerent sources and w i t h 
d i f f e r e n t aims i n mind, consequently the various methods t h a t iiave been 
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Table 2.22-1 
Cation f r a c t i o n s - p r e f e r r e d s e l e c t i o n sequence 









The s t a n d a r d m e t h o d o l o g y i 
As a b o v e , w i t h h C l r a t h e r 
: n p i i e s SINTA f i l t e r i n g 
t h c i n HNOT a d d e d 
-- N u c l e p o r e f i l t e r i n g , ( r a r e l y ci.iployc-d) 
-- As a b o v e w i t n HCl r a t h e r t h a n 11:103 added' 
— : : i . o l e p o r e f i l t e r e d no a c i d a d d e d 
— S J ; ; T A f i l t e r e d no a c i d a d d e d 
-- ( T o t a l ) N o t u:;ed f o r a c i d d a t a 
-- ( T o t a l ) Mot us e d f o r a c i d d a t a 
-- ( T o t a l ) N o t us e d f o r a c i d d a t a 
A c i d ( w l i e r e p t e s e n t ) i s a.1 v/ays a d d e d i n t h e f i e l d . 
The l a s t t h r e e m e t h o d s a r e i n c l u d e d f o r c o m p l e t e n e s s . 
Table 2.22.2 
F r a c t i o n or methods used i n the acid samples dataset analyses 
Var i a b l e T o t a l s i n t a s i n t a n u c l e p o r e s i n t a T o t a l 
va 1 i d +IINO3 +HC1 + tiN03 +HC1 a c i d +hN03 +HC1 -a c i d 
Na 264 0 (20) (12) (1) (14) (21V) 13 17 12 
I', 264 0 (20) (12) (1) (14) (217) 13 14 12 
Mg 265 0 (20) (12) (2) (14) (217) 13 15 12 Ca 26b 0 (20) (12) (2) (14) (217) 13 14 12 A l 264 a - (20) (12) (1) (14) (217) 13 14 12 
255 . 0 (20) (12) (2) (14) (217) 13 15 12 
Fe 265 0 (20) (13) (2) (14) (217) 12 15 12 Ni 254 0 a 4 ) ( 9 ) (1) (13) (217) 13 14 9 
Co 253 0 (14) (9) (1) (12) (217) 13 14 12 
Cu 252 0 (20) (12) (1) (12) (207) 13 1-1 7 
Zn 265 0 (23) (12) (2) (14) (217) 13 15 12 
Pb 267 0 (21) (13) (2) 1 5(14) (217) 13 15 12 
(Read f i g u r e s i n b r a c k e t s (15) as 15 p r e s e n t 15 u s e d . P a i r s o f f i g u r e s 15(14) 
r e a d as 15 p r e s e n t 1 r e d u n d a n t 14 u s e d . S i n g l e f i g u r e s r i ^ . t i n b r a c k e t s r o a d 
as 15 p r e s e n t 15 r e d u n d a n t . ) 
used are those t h a t would have been the most appropriate to the needs of the 
moment; t o disentangle the aims and the d i f f e r e n t methods would require a 
considerable study i n i t s e l f 
3. the view has been taken t h a t since each measurement i s a sampling of tlie 
t r u e v a l u e , and t h e r e f o r e l i a b l e to sampling error, each different method 
merely includes a greater or lesser degree of e r r o r . I t i s assuned tliat 
t h i s error w i l l be taken i n t o c o n s ideration wtien conclusions are being 
made. 
In the r e s u l t s and discussions t h a t f o l l o w i t i s the variable parameter 
wtiich i s considered not the v a r i a b l e measurement method; however, ttiese 
problems o f c o m p a r a b i l i t y must be borne i n mind. I t i s l i k e l y t h a t tney w i l l 
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continue to occur both w i t h the SIEUK system, and more wiaely i n published 
data. The Determinand D i c t i o n a r y of the B r i t i s h Water Data Unit (1975) 
proposes no s o l u t i o n to the problem and no comparable studies have been found 
i n the l i t e r a t u r e . 
The water chemistry data f r e q u e n t l y i i i c l u d e values wiiich are quoted as 
less than the d e t e c t i o n l i m i t , ( e . g . "<0.ytJ3" vvtiere 0.003 i s the d e t e c t i o n 
l i m i t f o r t l i a t v a r i a b l e ) . 'ihese values are v a l i d data, but are d i f f i c u l t to 
incorporate i n t o s t a t i s t i c a l analyses: Three methods o f looking a t such data 
nave been considered. 
1 . to t r e a t the data as missing. 'Luis v ; i l l r e s u l t i n the v a r i a b l e mean being 
biased upwards and the loss o f data 
2. to consider the data as being a t t i ie d e t e c t i o n l i m i t value. Here ttiere i s 
no loss of data however, ttie mean w i l l be g e n e r a l l y a higher estimate than 
i f the exact value were a v a i l a b l e 
3. the compromise u t i l i s e d has been to iialve the d e t e c t i o n l i m i t value. This 
tias the advantage t h a t data are not l o s t but has the disadvantage t h a t i f 
a considerable number of d e t e c t i o n l i m i t values are present a completely 
f a l s e estimate of t i i e mean w i l l r e s u l t . Part of t h i s compromise 
methodology t h e r e f o r e tias been to see i f more than 10% of t i i e measurements 
are a t the d e t e c t i o n l i m i t , and i f so to take i i a l f a t the d e t e c t i o n l i m i t 
and i i a l f a t i i a l f the d e t e c t i o n l i m i t , i n e f f e c t t h i s uses the d e t e c t i o n 
l i m i t value m u l t i p l i e d by 0 .75. (Variables wiiicii include tiiese d e t e c t i o n 
l i m i t values are in d i c a t e d i n ttie discussions wiiicli f o l l o w , as are the 
metiiods of dea l i n g w i t i i such data.) 
2.223 Biological data 
l l i e a n a l y s i s of acid b i o l o g i c a l data has been s i m p l i f i e d by t l i e 
i n c l u s i o n of aggregate b i o l o g i e s and tl i e exclusion of one by one b i o l o g i e s 
(Section 2.12) . Wliere an expansion step produced only one by one b i o l o g i e s , 
tiiese were combined to produce " s y n t n e t i c aggregates". Tliis was only done 
wiien tii e one by one b i o l o g i e s iiad been c o l l e c t e d from tne same reacii and on 
the same day. The Hargreaves dataset consisted o r i g i n a l l y of only one by one 
b i o l o g i e s so wtiere possible these too were combined to form s y n t h e t i c 
aggregates. Since many of ti i e aggregates had missing a t t r i b u t e s , a t t r i b u t e s 
have been excluded from t l i e d i s c u s s i o n . No attempt iias been made to 
cr o s s - r e f e r t o t i i e many 100 iiin2 sam[)les v^iich may also occur w i t h t l i e 
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aggregates. Since only aggregates are considered, s p e c i a l care has been taken 
v^en a species absence i s recorded. Consideration has been given to the 
p o s s i b i l i t y o f species being washed i n t o a reach from s i t e s upstream, and 
conversly, v/eight has been given to the absence of a species a t reacii 01. 
Tlie use of the S p e c i e s l i s t Protocol i n i d e n t i f y i n g a l l p l a n t m a t e r i a l i n 
a reach means t h a t considerable cross s i t e comparison i s possible. I n 
c o n t r a s t the r e l a t i v e nature of the 0-5 scale f o r species l i v e and dead 
abundance poses several problems f o r i n t e r - s i t e comparison. These are due t o 
the absence o f any absolute f i g u r e on wtiicn the r e l a t i v e abundances may be 
anchored. However, since the Rivdata Protocol always establishes one dominant 
species g i v i n g i t an abundance score of 5 (or several at abundance 4 ) , we can 
consider t l i e abundances as rankings of an o r i g i n a l "species importance" 
v a r i a b l e , "species importance" being r e l a t e d e i t h e r to biomass or c h l o r o p l i y l l 
a content by some l i n e a r f u n c t i o n . 
Neither t l i e epiphyte nor morphological fonn mechanisms of tl i e Rivdata 
Protocol have been considered i n the acid study. 
2.224 Data storage and the use of the Query Subsystem 
The a c i d stream data are a l l i n the SIEUR f i l e s . In order to f a c i l i t a t e 
data processing t i i e data selected f o r spec i a l study were accessed using tlie 
"saved s e r a i stack" mechanism of the SIEUR Query Subsystem. I n exceptional 
cases the data f o r a study were extracted and placed i n separate f i l e s . 
Special programs were written f o r both ttiese operations. The i n c o r p o r a t i o n of 
these programs i n t o tiie general system i s under a c t i v e review. 
I t was found to be e x c e p t i o n a l l y easy to use the t a b u l a t i o n r o u t i n e and 
consequently many more stacks were examined tlian are discussed. Many problans 
a r i s e out of the need to store these data and the r e s u l t s of s t a t i s t i c a l 
o perations on ttie data. Some progress toward a s o l u t i o n of these problems has 
been made by developing programs whicii d i s p l a y the data g r a { * i i c a l l y . Ihe 
r e s u l t i n g diagrams take up less space than the s t a t i s t i c a l t a b u l a t i o n s and 
make an immediate v i s u a l impact. However, much a d d i t i o n a l work needs t o be 
done to develop these techniques f u r t h e r . 
Section 2.22 
Page 50 
2.23 Data s e l e c t i o n c r i t e r i a 
2.231 Introduction 
Tiie data i n SIEUR are extracted f o r analyses using the Query Subsystem 
as descril^ed i n Section 2.13. Eacii successful query produces a r e s u l t s stack 
of s e r a i s which form tli e s t a r t i n g p o i n t f o r data t a b u l a t i o n s and subsequent 
s t a t i s t i c a l analyses. Data s e l e c t i o n i s th e r e f o r e the s e l e c t i o n o f the 
parameters wtiicli govern the query. These parameters are the various v a r i a b l e s 
and constants wtiicii d e f ine a query atom and u l t i m a t e l y the s e r a i stack. Tiie 
choice of a p a r t i c u l a r set of parameters depend on the nunber of samples 
r e q u i r a i f o r a p a r t i c u l a r study and the nature of the study. The requirements 
f o r the acid study were t h a t approximately 100 b i o l o g i c a l aggregates c o l l e c t e d 
on the same day as an acid water ciiemistry were a v a i l a b l e . To f a c i l i t a t e 
parameter s e l e c t i o n stream and reach d i s t r i b u t i o n histograms f o r pH, 
c o n d u c t i v i t y , a c i d i t y and redox were prepared. Tiiese were then used i n 
co n j u n c t i o n , to s e l e c t the various pH l e v e l s a t wtiicii stacks would be 
prepared. The l e v e l s used were <=2.0, <=3.0, <=4.0 and <=5.0. Ttie "less tiian 
or equal" c r i t e r i o n was used to ensure t h a t data selected were compreiiensive 
and spanned t i i e magnitude junp i n i i e r e n t i n the l o g a r i t i i m i c nature of pH. 'i"he 
269 water c h e m i s t r i e s found a t or below pH 4.0 were found to y i e l d 125 
b i o l o g i c a l aggregates on expansion BYDATE, 124 were unique (Only two 
c h a n i s t r i e s had been c o l l e c t e d on the same date from tne same reach, thereby 
y i e l d i n g the same aggregate on expansion) . The 269 ctiemistries c o n s t i t u t e the 
"269 dataset" or acid samples dataset and the 125 cli e m i s t r i e s and 124 
b i o l o g i e s the a c i d species or "125 dataset". The "acid s i t e s dataset" was 
deemed to be the BYSAR expansion of ti i e 269 dataset to ob t a i n aggregates 
followed by a second expansion BYSAK of the aggregates t o ob t a i n more 
c h e m i s t r i e s . These operations y i e l d e d an a d d i t i o n a l 10 cii e m i s t r i e s and 9 
aggregates. 
Data a d d i t i o n a l t o the acid stream data ha^a been used t o c l a r i f y or 
extend wiiat i s known. This happens f o r example when knowledge of the chemical 
range o f a species i s required (Section 6.22). 
l l i e i n i t i a l c r i t e r i a f o r data s e l e c t i o n were i i e a v i l y dependent on the 
f i n a l aim of the a n a l y s i s and i t i s t i i e purpose of t h i s s e c t i o n t o o u t l i n e 
these a n a l y s i s aims and the route by whicii the an a l y s i s may be performed. 
Section 2.24 contains a d e s c r i p t i o n of t i i e s t a t i s t i c a l approach t o the acid 
a n a l y s i s . 
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2.232 Acid studies and aims 
The s p e c i f i c methods by which the aims o u t l i n e d i n Part 1.3 may be 
f u l l f i l l e d are: 
1. To i d e n t i f y those reaches which f a l l w i t h i n the acid s i t e d e f i n i t i o n and 
to summarise on a reach by reach basis a l l data neld f o r these reaches 
( t t i i s i m p l i e s BYSAH expansion) 
2. t o study i n t e r v a r i a b l e r e l a t i o n s h i p s i n the chemical dataset produced and 
to analyse any trends displayed 
3. t o group together reaches w i t h s i m i l a r chemistries and to provide means by 
which such s i m i l a r i t i e s may be measured and discussed. 
S i m i l a r approaches e x i s t f o r the a n a l y s i s of t l i e b i o l o g i c a l data these 
are: 
1. To i d e n t i f y the species present a t reaches defined as being acid and to 
summarise on a species by species basis a l l the data held f o r those 
species 
2. t o study s i m i l a r i t i e s i n species assemblages f o r various reaches using a 
v a r i e t y of techniques and to account f o r any d i f f e r e n c e s 
3. t o group together species possessing s i m i l a r d i s t r i b u t i o n s and t o design 
ways of l o o k i n g a t and c o n t r a s t i n g tliese d i s t r i b u t i o n s . 
'I'hese methods were used to examine ttie three datasets described i n 
2.231. The acid samples chemistry dataset was used to study the chemistry of 
the a c i d c o n d i t i o n and to i d e n t i f y groups among the chemistry samples. The 
ac i d s i t e s chemistry dataset was used to provide complete info r m a t i o n about 
the s i t e s i d e n t i f i e d as being acid and to allow a more d e t a i l e d grouping of 
the samples to occur such t h a t s i t e groupings could be postulated. 
The i n i t i a l query used to i d e n t i f y the acid samples was: 
pH_fld <= 4.0 
d e t a i l s o f other possible values and the r e s u l t s o f t e s t queries using these 
are presented i n Chapter 4. Iti e r e s u l t s stacks produced were expanded as 
required and a l i s t of S{oecies obtatned. These are presented i n Qiapter 6. 
U n i v a r i a t e s t a t i s t i c s were produced (Table 4.1i-1 and Table 4.23-1) to 
describe fhe vari,)bJe:> and to act .is a prcliiflc lo tli(.' m u l t i v a r i a t e s t u l y oL 
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the d ata, A p r i n c i p a l aim of the u n i v a r i a t e study oeing t o i d e n t i t y v a r i a b l e s 
or t l i e i r translorms wtiich were d i s t r i b u t e d symmetrically - tiiese aims and 
t t i e i r r a t i o n a l e are described i n Section 2.24. 
2.233 Species studies 
e 
I n these s t u d i e s the aim was to e l l u c i d a t e some f a c t or f a c t s concerning 
i n d i v i d u a l species. The reasons f o r itiaking such a study are t w o f o l d . 'itiere 
may be an a p r i o r i reason v;hy a p a r t i c u l a r species or group of species i s of 
i n t e r e s t - or a l t e r n a t i v e l y species thrown up by a s p e c i f i c study (acid 
b i o l o g i c a l studies) - may be of f u r t h e r i n t e r e s t . I n e i t h e r case data from 
reaches not included i n the acid s i t e s d e s c r i p t i o n may be used and there w i l l 
be no attempt t o describe these a d d i t i o n a l s i t e s i n t h i s t n e s i s . 
Species wtiich occur i n more than 3 reaches w i t h f i e l d pH values less 
than or equal t o 4.B on the date of sampling are a u t o m a t i c a l l y of i n t e r e s t . 
SIEUH has been entered using the Query Subsystem to e x t r a c t a l l chemical data 
c o l l e c t e d on the same date f o r a reach wtiich on t h a t date had tiie species 
recorded as present and l i v e . The chemical data are presented v a r i a b l e by 
v a r i a b l e w i t h the maximum, minimum and mean f o r each of these species i n Table 
6.12-1. 
IWo s p e c i f i c s tudies were performed to assess the d i f f e r e n c e s i n 
d i s t r i b u t i o n of two filamentous genera (Hormidium and Zygogonium) and two 
diatom species (Eunotia exigua and P i n n u l a r i a a c o r i c o l a ) . These were chosen 
because o f t h e i r wide occurrence i n acid waters and because i n tli e case of the 
f i l a n e n t o u s species of t l i e i r suspected d i f f e r e n t tolerance to heavy metals 
e s p e c i a l l y copper (B.A. Whitton pers. comm.). 
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2.24 General assunptions and s t a t i s t i c a l approach 
2.241 Introduction 
Section 2.24 draws together the basic assumptions the database approach 
used and discusses the t h e o r e t i c a l asj^ects of the methods and the inherent 
l i m i t a t i o n s of SIEUH and t l i e acid stream dataset. A s u b s i d i a r y aim w i l l be to 
keep t h i s i n t r o d u c t i o n to a general l e v e l so as to allow comparisons of 
subsequent analyses using the SIEUR system, 'flie data from such analyses w i l l 
f o l l o w the same general p a t t e r n of a large t a b l e w i t h areas of missing data 
and may be summarised by the diagram i n Table 2.24-1. 
The major problem of the database approach i s data c o m p a r a b i l i t y and tlie 
v a l i d i t y o f metnods v ^ i c h because of t h e i r h e u r i s t i c nature cannot be h e a v i l y 
r e l i e d upon. Tlie aim w i l l be to present those methods used which were robust 
s t a t i s t i c a l l y and v ^ i i c l i made few l i m i t i n g assumptions i n tnemselves. The main 
approach of ti i e analyses was to ex t r a p o l a t e from the smaller complete datasets 
to cover conclusions drav^ii about the la r g e r dataset. (The numbers i n Table 
2.24-1 r e f e r to the acid datasets defined i n Section 2.23 and w i l l be d e a l t 
w i t h i n Section 4.15) 
2.242 Assunptions made for acid data analysis 
Assumptions are made about the data a t several stages: 
1. C o l l e c t i o n 
Assumptions concerning tiie chemical data an a l y s i s are concerned withi 
the method used, the degree of r e p l i c a t i o n , the means of tak i n g tiie sample 
and tiie a c t u a l choice of sampling p o i n t both s p a t i a l l y and temporally. 
S i m i l a r problems e x i s t w i t n t i i e b i o l o g i c a l data, where there are, iiowever, 
a d d i t i o n a l ones; completeness of the species complement, s u b j e c t i v i t y of 
tlie abundance measure, d i f f i c u l t i e s i n i d e n t i f i c a t i o n , i n c l u d i n g l e v e l s of 
competence by ttie user and assumptions about species comparison across 
phyla, genus and species boundaries. 
2. C o l l a t i o n 
At t l i e data c o l l a t i o n l e v e l are the assumptions inherent i n the 
various p r o t o c o l s (Section 2.12). Because of ttie need to encode the data 
c e r t a i n broad assumptions are made wtiicii w i l l be more or less accurate, 
f u r t h e r , data wliicii are i i i g h l y r e l e v a n t may be simply i n note form because 
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Table 2.24-1 
Schematic t a b l e of the acid datasets 
Number of variables LA each dataseL 
Chemical data 6)ioLoglcal data 
11 25 26 1 
V/// v / / , 




1 . the horiP'.ontal l i n e s r e p r e s e n t t h e v a r i o u s d a t a s e t s 
2. t h e s h a d e d a r e a s r e p r e s e n t m i s s i n g d a t a 
3 . v a r i a b l e 26 i s N S P E C , w h i c h i s c o n s i d e r e d i n many o f 
t h e a n a l v s e s t o bf» a c h e m i s t r y v a r i a b l e 
of the absence o f mechanisms t o deal w i t h them. 
3. Entry 
These assumptions include the encoding problans, data v a l i d i f i c a t i o n 
and a l l the assimptions made i m p l i c i t l y by the Testadd and Add systan 
about V i t i a t are " c o r r e c t " data (see 2.132), 
4. S e l e c t i o n 
At t h i s l e v e l are the assumptions concerning detectable l i m i t s and 
missing data, the v a l i d i t y o f performing expansions and the assunptions 
about data exclusion made i m p l i c i t l y on performing a query (see 2.133). 
These, along w i t h the data ccCection assimptions form the major areas of 
weakness of the computerised approach. 
5. Synthesis f o r s t a t i s t i c a l a n a l y s i s 
The assumptions a t t h i s l e v e l concern the treatment of missing data 
of v arious types as d e a l t w i t h i n Section 2.22, the methods of dealing. 
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w i t h d e t e c t a b l e l i m i t s and tne problons of i n t e r and i n t r a reacb 
comparison. Of these the l a t t e r i s probably of greater concern. 
6. S t a t i s t i c a l analyses 
See 2.243. 
2.243 S t a t i s t i c a l assumptions 
The s t a t i s t i c a l assumptions made are described w i t n each method i n 
2.245, 2.246 and 2.247. The general assumptions are: 
1. t h a t the i n d i v i d u a l chemistry samples are a l l s t a t i s t i c a l l y independent. 
This i m p l i e s t h a t there i s no l i n k , f o r the purposes of the s t a t i s t i c s 
between reaches or betv;een m u l t i p l e samplings of the same readies. 
However, attempts have been made to ensure t h a t few reaches have been 
included V\/hich are m u l t i p l y sampled or which have been sampled c l o s e l y 
to g e t l i e r w i t h regards to date 
2. t h a t t l i e v a r i a b l e s measured f o r each sample do indeed describe the reach 
chemistry and b i o l o g y and t h a t the underlying p a t t e r n of v a r i a b l e 
i n t e r - r e l a t i o n s h i p s w i t h i n a sample i s the same f o r a l l samples across a l l 
the reaches. This implies t h a t each sample i s a snapshot o f t l i e reach 
v^iich i s i n a more or less s t a b l e s t a t e i n some general stream continuun 
3. a general assumption about the chemical v a r i a b l e s i s t h a t they are 
d i s t r i b u t e d symmetrically about a mean. I f t h i s i s not the case a 
s u i t a b l e t r a n s f o r m a t i o n o f the data i s found which produces a symmetry. 
This symmetric d i s t r i b u t i o n may or may not approach s t a t i s t i c a l n o r m a l i t y ; 
however, i t i s assumed t l i a t t h i s i s o f no consequence and t i i a t a l l a 
s t a t i s t i c a l method w i l l r e q u i r e i s a symmetric d i s t r i b u t i o n ( J . Besag 
pers. comm.) This technique i s j u s t i f i e d since no p r o b a b i l i t y values are 
associated w i t h any of the methods under c o n s i d e r a t i o n and only an 
h e u r i s t i c a n a l y s i s of the data i s being performed. 
4. i t i s assumed t l i a t the species abundance values i n an aggregate w i l l 
f o l l o w the "J d i s t r i b u t i o n " described by Jaccard (1923) and o t h e r s , l l i e r e 
i s no attempt t o analyse the i m p l i c a t i o n s of t h i s d i s t r i b u t i o n w i t h 
reference t o the data under c o n s i d e r a t i o n . I t must however be borne i n 
mind t h a t there i s a bias i n the data because of the Hivdata Protocol 
recjuirement tor a dominant at rank S (or several at rank 4) always to be 
prer;ent. 
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2.244 Data v a l i d i t y checks 
The data are ciiecked f o r v a l i d i t y by t l i e Add Subsystem. However, there 
are no ways of ciiecking wliether the data are c o r r e c t . Tiii s implies t h a t 
erroneous species may be added or t h a t a chemical measurement may be 
i n c o r r e c t . Checks are performed v i s u a l l y t o spot e r r o r s , and some machine 
t e s t s are also pc:)ssible; iiowever, a small percentage of e r r o r s do escape 
d e t e c t i o n . There iiave been several attempts to t r a p tiiese e r r o r s . None lias 
been able to deal a u t o m a t i c a l l y w i t i i the extrane c o n d i t i o n whicn i s the basis 
of these s t u d i e s . I t iias proved necessary t i i e r e f o r e to examine the data 
s t a t i s t i c a l l y l o oking f o r values wtiicii do not corresfwnd to s u b j e c t i v e a 
p r i o r i assumptions about probable values. In ttie t l i r e e cases detected, the 
e r r o r s were due t o i n c o r r e c t t r a n s c r i p t i o n of data from notebook to computer 
e n t r y s l i e e t . Values wliicii are s t a t i s t i c a l l y v a l i d ijut n e vertiielss i n c o r r e c t , 
can i n f a c t escape d e t e c t i o n . 
2.245 Chemistry variable d i s t r i b u t i o n analyses arid transformations 
The purpose o f looking a t t l i e d i s t r i b u t i o n of trie cliemistry v a r i a b l e s i s 
to a s c e r t a i n i f tliose d i s t r i b u t i o n s are symmetrical. I f tiiey are not 
symmetrical, v a r i o u s transformations were applied to o b t a i n the required 
synmetry ( B a r t l e t t , 1947). I t i s u s u a l l y these transformed v a r i a b l e s which 
are discussed i n t i i i s t h e s i s . 
An iiistogram teciinique was used i n i t i a l l y to look a t tii e d i s t r i b u t i o n of 
chemical v a r i a b l e s . These are presented i n Table 4.22-1 w i t i i the 
t r a n s f o r m a t i o n wiiicii produced the most reasonable symmetrical d i s t r i b u t i o n . 
The choice ot t i i e numtjer of histogram bins v/as based on the square r o o t of the 
number of v a l i d values (Fox, 1978). Tiie various transformations which were 
t r i e d are shown i n Table 2.24-2. 
No attempt iias been made to cneck i f any of t i i e v a r i a b l e s f i t t e d nonnal 
d i s t r i b u t i o n s except i n s o f a r as symmetry s t a t i s t i c s and variances were 
c a l c u l a t e d . I t was assumed t h a t since only an i i e u r i s t i c approach was being 
adopted a s u b j e c t i v e syrrmetrical d i s t r i b u t i o n f o r a v a r i a b l e was a l l t h a t need 
be presented to any s t a t i s t i c r e q u i r i n g normally d i s t r i b u t e d v a r i a b l e s . 
Non-pjarametric versions of t i i e main s t a t i s t i c s were used to overcome 
variance h e t e r o s c e c i a s t i c i t y . I t was assumed t i i a t the v a r i a b l e s would be 
p a r t i c u l a r l y s u s c e p t i b l e to variance i i e t e r o s c e d a s t i c i t y owing to tlie cross 
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Table 2.24-2 
Possible v a r i a b l e transformations and t h e i r e f f e c t s 
Transformation Range of C h a r a c t e r i s t i c s o f 
Y = f ( X ) v a r i a b l e d i s t r i b u t i o n 
SQRT(X) + 
SQRT(X+ 1 ) 
L o g ( X ) 
a r c s m 
SQRT(X) 
0<=X<=inf V a r i a n c e p r o p o r t i o n a l 
t o t h e mean 
( D i s t r i b u t i o n skew-
ed t o t h e r i g h t ) 
0<=X<=inf S t a n d a r d d e v i a t i o n i s 
p r o p o r t i o n a l t o mean 
0<=X<=1 Mean = m 
V a r i a n c e = k*m*(l-m) 
Examples of such 
d i s t r i b u t i o n s 
D i s t r i b u t i o n s a r i s i n g 
from "count" data e.g. 
Poisson 
D i s t r i b u t i o n s of s2 
for normal samples 
D i s t r i b u t i o n s of 
proportions e.g. 
binomial 
s i t e pooling of data; however, t h i s cannot be tested since f o r most s i t e s o n ly 
one sample e x i s t s . I t was f u r t h e r assumed t h a t variance heterogeneity would 
occur owing t o the d i f f e r e n t accuracies of v a r i a b l e e s t i m a t i o n . Wtiere the 
r e s u l t s of parametric s t a t i s t i c s are under discussion these problems must be 
given c o n s i d e r a t i o n . 
2.246 Biology variable d i s t r i b u t i o n and transformations 
The d i s t r i b u t i o n s o f species abundances as measured by the su b j e c t i v e 
1-5 scale i s shown i n Table 6.14-1. 'ihe order of species i n t h i s t a b l e was 
determined by the lov/est pH l e v e l a t which t t i a t species was found. 'lYie order 
of reaches i s t h a t obtained by t l i e o r d i n a t i o n o f s i t e s using tiie m u l t i v a r i a t e 
methods discussed i n 2.467. 
Cross comparison of b i o l o g i c a l samples i s made simpler by the existence 
of the Hivdata Protocol requirement whereby there must be a dominant species 
a t l e v e l 5 (or two or more a t l e v e l 4) to wtiich a l l tiie l e v e l s o f ot l i e r 
species are r e l a t e d . Species d i v e r s i t y i s assessed by use of "nspec" tli e 
simple count of species found i n a sample. This i s a h i g h l y v a r i a b l e measure 
because of possible changes i n taxonomy r e s u l t i n g i n species being merged or 
otherwise changed, and because of possible a d d i t i o n s of new species on more 
d e t a i l e d examination of preserved or cleared (diatom) m a t e r i a l . 'Ihis i s a 
spe c i a l problem when extreme s i t e s l i k e those of the acid study are considered 
because of the inherent low nspec values. A method by which t h i s could be 
a l l e v i a t e d i s by summary of ranks or some simple f u n c t i o n a l combination based 
on weighting the species or ranks on s u b j e c t i v e c r i t e r i a . I t has been found 
t h a t the s t a t i s t i c obtained i s of of l i t t l e a d d i t i o n a l value t o the simple 
count of species s i t e s w i t h l i i g h NSPEC are considered but can help t o 
smootti out p e r t u r b a t i o n s when s i t e s w i t h low NSPEC are considered - but on l y 
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wiien the abundance value f o r the "new" species i s low (1 or 2 ) . This 
metiiodology iias been r e j e c t e d f o r the c u r r e n t study because of the 
considerable s u b j e c t i v i t y of the d e c i s i o n on weightings and the tendency for 
such d e c i s i o n s t o be c o r r e c t o nly f o r the l i m i t e d analyses under 
c o n s i d e r a t i o n . When comparisons between spjecies from d i f f e r e n t s i t e s are 
required the most appropriate metliod would be to t r a n s l a t e the abundance 
scores, using some measure (or estimate) of the aggregate sariiple biomass, i n t o 
absolute biomass values f o r each species. The c l e a r goal of tne Rivdata 
Protocol abundance mechanism i s to f a c i l i t a t e such t r a n s l a t i o n s wrien metiiods 
of measuring biomass become a v a i l a b l e . This i s of p a r t i c u l a r importance for 
IxDtanical s t u d i e s of extreme environments where the primary concern i s the 
species' a b i l i t y to cope w i t h the p r e v a i l i n g c o n d i t i o n s . 
Transformations of the species data are performed e i t h e r to s i m p l i f y the 
data or as a means of making comparisons w i t h other data or other methods. 
The s i m p l e s t t r a n s f o r m a t i o n of the abundance data i s to a simple presence 
absence measure. This t r a n s f o r m a t i o n i s also used i n the c a l c u l a t i o n of 
v a r i o u s s i m i l a r i t y measures between species assemblages. I t i s used 
f r e q u e n t l y i n an i m p l i c i t manner i n the Query Subsystem, and t l i e c a l c u l a t i o n 
of sfjecies chemistry ranges as presented i n Table 3.41-3. The view has been 
taken t h a t since the abundance scale i s a r e l a t i v e f u n c t i o n of the sample 
biomass, i t i s d i f f i c u l t to compare a rank 2 (say) w i t n a 2 from a species 
r i c h s i t e unless the biomass, however measured, i s known. Miere only acid 
s i t e s are under c o n s i d e r a t i o n , the assumption i s made t h a t the t o t a l biomass 
of samples are s u f f i c i e n t l y s i m i l a r to allow t h i s r e s t r i c t i o n to be relaxed. 
The d i s t r i b u t i o n of a species over the various chemistry v a r i a b l e s 
ranges i s presented. These assume t t i a t a l i v e presence absence transformation 
has been performed. 
2.247 Multivariate methods - P r i n c i p a l Components Analysis (PCA) 
Many methods have been suggested i n t i i e l i t e r a t u r e for the simultaneous 
a n a l y s i s o f several v a r i a b l e s (Cairns e t a l . , 1972), botii for continuous 
(ciiemistry l i k e ) data and b i n a r y (species presence/absence) or c a t e g o r i c a l 
(species abundance) data (e.g. Lambert e t a l . , 1966; Lance e t a l . , 1969). I n 
a l l these methods the process involves reducing the information i n a Table of 
q rows and r colunns i n t o a more manageable form, 'ihe methods u s u a l l y 
commence w i t h an e s t i m a t i o n of the s i m i l a r i t y i n the matrix between rows or 
columns. I f some s t a t i s t i c a l l y meaningful, precise method e x i s t s e.g. a 
product/moment c o r r e l a t i o n c o e f f i c i e n t between ciiemistry v a r i a b l e s i n a m a t r i x 
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o f measurements o f several v a r i a b l e s sampled at several s i t e s , the method can 
be more or less exact (Kim, 1975). Where t h i s i s not so (e.g. i n estimating 
the s i m i l a r i t y o f s i t e s i n the chemistry data m a t r i x ) , other s t a t i s t i c s or 
transformations must be performed f i r s t . Where tne data matrix consists of 
simple presence/absence bi n a r y records o r non-continuous d i s c r e t e data (e.g. 
i n the aggregate b i o l o g i e s dataset v^iere the matrix consists o f s u b j e c t i v e 
abundances f o r species a t several s i t e s ) , other u s u a l l y less precise methods 
o f computing s i m i l a r i t i e s must be examined. 
The usual aims o f ttiese methods are: 
1. E x p l o r a t i o n of the data - tii e h i e u r i s t i c approach 
2. Confirmation o f tiypotlieses - ttie p r o b a b l i s t i c approacfi 
3. Simultaneous v a r i a b l e measurement - the combinatorial approach. 
Of the several m u l t i v a r i a t e methods wtiich could be used f o r examining 
s i m i l a r i t y i n the chemistry data, P r i n c i p a l Com[Xirients Analysis (PCA) was 
chosen f o r presentation here f o r the f o l l o w i n g reasons: 
1. the method provides an exact transformation o f the o r i g i n a l q by q or r by 
r s i m i l a r i t y m atrix w i t h no loss of variance i n f o r m a t i o n 
2. the components are orthogonal (uncorrelated) l i n e a r combinations o f the 
o r i g i n a l v a r i a b l e s where the f i r s t component i s the best s i n g l e sunmary of 
l i n e a r r e l a t i o n s h i p e x h i b i t e d i n the data, t h e second component t h e second 
best and so on 
3. no p a r t i c u l a r assumptions about the underlying s t r u c t u r e o f t h e v a r i a b l e s 
are required - altliough t u t u.se o f standardised symmetrical v a r i a b l e s 
provides a comiX)nent s o l u t i o i i wiiich i s easier to i n t e r p r e t 
4. the method i s s u f f i c i e n t l y general f o r most purposes and s u f f i c i e n t l y 
robust s t a t i s t i c a l l y t o be used i n most m u l t i v a r i a t e a n a l y s i s s i t u a t i o n s . 
An h e u r i s t i c PCA was perfonned on t h e acid chemistry datasets (Table 
4.15-1) t o see i f there was any underlying p a t t e r n t o the i n t e r - c o r r e l a t i o n of 
t h e chemical v a r i a b l e s . The aim being t o produce a few s y n t h e t i c components 
vjhich would describe more e x a c t l y than the v a r i a b l e s themselves any p a t t e r n i n 
t i i e v a r i a t i o n present. To perform these analyses the OSIRIS I I I computer 
package was used f o r the reasons o u t l i n e d i n 3.217. The use of PCA f o r the 
i n v e s t i ( j a l , i o n oi bctv;(>'>n s i t e s i m i l a r i t y .ind bet.wcon species s i m i l a r i t y w a s 
n o t iindt.T t a k o i i i . 'xccpl . i : ; c o n l i riii.al i o n ol U i c i (•.•-.n 1 I : . o l c l u s t e r a i k d y s i s 
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(q.v) , \\*iich was deemed to be a f a r more s u i t a b l e technique f o r these types of 
a n a l y s i s . 
2.248 Multivariate metiiods - Cluster Analysis 
Tiie a c i d datasets (Table 3.217) were subjected to various c l u s t e r 
a n a l y s i s methods wiiich grout^ed tii e samples, species or v a r i a b l e s together 
based on s i m i l a r i t i e s i n t h e i r si:)ecies assemblages or chemistries (see also 
2.247). The r e s u l t i n g " c l u s t e r s " of samples, species or v a r i a b l e s are 
discussed, compared and c o n t r a s t e d . 
Ihe method requires two decisions t o be made. Tfie f i r s t i s the measure 
of s i m i l a r i t y t o be used between the cases (sample c l i e m i s t r i e s , s^jecies or 
sample aggregates) . Altiiough several measures are a v a i l a b l e the one thought 
to be the most s u i t a b l e f o r a l l s i t u a t i o n s (Wishart, 1975) was tii e Euclidean 
distance measure c a l c u l a t e d as: 
d ^ i k = 1/M S ( X j i - Xjk)2 ...1 
E'or continous data where: 
d2j^l^ = the squared d i s s i m i l a r i t y between case i and case k. 
X j j ^ = t l i e i t h measure on v a r i a b l e j . 
M i s the numt)er of v a r i a b l e s . 
and: 
d^i\^ = (B + C) / M 
f o r b i n a r y data v^ere: 
B = the number of a t t r i b u t e s present i n case i and absent i n case k. 
C = the numi^er of a t t r i b u t e s present i n case k and absent i n case i . 
M = t l i e t o t a l number of a t t r i b u t e s . 
The second d e c i s i o n i s the method of c l u s t e r i n g , whetlier i t should be 
d i v i s i v e or agglomerative and monothetiiic or p o l y t h e t i c . Eignt agglcmerative 
methods were compared using the cophenetic c o r r e l a t i o n method of comparing 
t h e i r r e s u l t s dendrograms. ' i t i i s was achieved using the method described by 
Sokal & Uohlf (1972) using a s i ^ e c i a l l y w r i t t e n computer program. Using t l i e 
two most d i s s i m i l a r methods - one wliich produced " t i g i i t s p h e r i c a l c l u s t e r s " 
and one which produced " n a t u r a l c l u s t e r s " (Wishart, 1978) tlie b i n ary Table o t 
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s i t e s against species were analysed to produce species c l u s t e r s and s i t e 
c l u s t e r s . The s i t e c l u s t e r s were compared w i t h those obtained from a s i m i l a r 
a n a l y s i s of ti i e chemistry dataset. 
2.249 Other s t a t i s t i c a l methods 
An a t t a n p t was made to assess the importance of the absence (or over 
representation) of a species i n the aggregates associated w i t h the pH bins i n 
the histograms to be found i n Table 4.52-1. 'i t i i s was achieved by use of a 
chi-square r a t i o (Visvalingham, 1979) wiiicii takes tiie general form: 
^ ^ i j = (OPij - E p i j ) 2 / E p i j + (Oaij - E a i j ) 2 / E a i j ...1 
wiiere: 
x2j^j i s ti i e ciii-square value f o r tlie j t i i species at the i t h b i n . 
Opij i s the observed nunber of aggregates w i t h the j t i i species present 
i n t l i e i t h b i n . 
Ep i j i s the expected number of aggregates w i t h the j t l i species present 
i n the i t h b i n . 
Oa^j i s the observed nimber of aggregates w i t h the j t l i species absent 
i n the i t h b i n . 
Opij i s the ex{x?cted nunber of aggregates w i t i i the j t l i species present 
i n the i t h b i n . 
...2 
but because: 
Opij + Oaij = E p i j + Eai-j = Hi 
OPij - t'Pij = O ^ i j - E a i j .-.3 
(V(^ere i s the numi^er of aggregates associated w i t h the i t h bin) 
Thus: 
X ^ i j = (Opij - E p i j ) 2 * (1/Epij + l / E a i j ) ...4 
where: 
Epi j = Ri * Cj / S ...5 
Ea^j - 1 - Cj/S •••6 
and: 
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Cj i s the t o t a l number of aggregates w i t h species j present i n them. 
S i s the t o t a l nuTiber of aggregates i n the a n a l y s i s . 
This r a t i o w i l l vary from: 
0 i n d i c a t i n g no d i f f e r e n c e between observed and expected values and 
(Ri * S / Cj) - i n d i c a t i n g maximun d i f f e r e n c e . 
C l e a r l y as S increases or the r a t i o R^  / Cj increases the nunericai value of 
the maximum chi-square w i l l increase, f u r t h e r u n d e r l i n i n g any d i f f e r e n c e i n 
b i n s . Wiien p l o t t e d as a histogram tfiose bins a t v ^ i c l i the presence or absence 
of a species i s noteworthy w i l l iiave the higher clii-square values. 
Furthermore, t l i e l a r g e r numerically the maximun chi-square value, tne more 
r e l i a b l e the histogram as a measure ot sjjecies presence/absence importance. 
Tlius, f o r exami:)le, tiie absence ot Euglena m u t a b i l i s i n the 3.61 - 3.81 pH bin 
i s noteworthy, i n d i c a t i n g [jerhaps missing data, s i m i l a r l y i t s absence below a 
pH of 1.09 i s noteworthy suggesting pernaps a lower pH l i m i t f o r the species. 
In c o n t r a s t the occurrence (count of 4) of L e p o c i n c l i s ovum i n pH b i n 2.64 -
2.85 i s of note, suggesting a d i s p r o p o r t i o n a t e nunber of t h i s species a t t i i i s 
b i n . The r e s p e c t i v e chi-square values f o r these two species are 8.42 and 7.40 
both o f V i ^ i c h are r e l a t i v e l y high when compared w i t h the o t l i e r maximun 
chi-square values. Tiie highest chi-square values are (52.08) f o r P i n n u l a r i a 
b r a u n i i (4 occurrences) and 21.85 f o r Gompiionema parvulum (4 occurrences) both 
i n pH b i n 3.02 - 3.22, and i n d i c a t e s perhaps an a r t e f a c t i n tne data or 
a l t e r n a t i v e l y a p r e f e r r e d optimum pH. More d e t a i l e d discussion and examples 
of the use of t h i s s t a t i s t i c are presented i n Section 4.52. 
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3.1 SIEUR s i z e and generation time 
3.11 Introduction 
The s u b j e c t of Chapter 3 i s t i i e SIEUR system produced as a r e s u l t of 
implementing t l i e Recording System p r o t o c o l s described i n Section 2.12. Part 
3.1 w i l l deal w i t h i t s developraent i n terms of the computer time and other 
resources used i n adding t i i e data and t i i e time and other resources used i n 
developing the computer system i t s e l f (3.125). Part 3.2 and 3.3 deal w i t l i the 
r e s t r i c t i o n s and l i m i t a t i o n s inherent i n the implementation v ^ i i l e 3.3 presents 
the s t a t i s t i c s concerning the computing aspects of the acid study and the 
e x t r a c t i o n of the acid data. Chapter 4 w i l l then present the r e s u l t s o f the 
acid data s e l e c t i o n procedure and Chapter 5 and 6 t i i e r e s u l t s of the analyses 
performed on tii e a c i d s i t e s and acid species r e s p e c t i v e l y . 
I n presenting tii e t i i e estimates of database s i z e , t i i e values used i n 3.1 
r e f e r to the s i z e of t i i e data f i l e s and a l l index and d i c t i o n a r y f i l e s but 
excludes f i l e s c o n t a i n i n g programs and f i l e s associated w i t h tiiese programs -
f o r example "help" f i l e s . This estimate i s c l e a r l y n e i t h e r t i i e database siz e 
i n the c l a s s i c a l sense of a l l t l i e data and programs associated w i t h i t , nor a 
r e a l estimate of the q u a n t i t y of sampled data; the l a t t e r could be b e t t e r 
expressed as a count of t i i e number of samples and the nunber of v a l i d 
measurements made w i t h each sample. The estimate does iiowever g i v e some 
i n d i c a t i o n of t l i e q u a n t i t y of data i n p r a c t i c a l terms and a f f o r d s a reference 
measure f o r other users. Although some data compression i s inherent i n the 
system, no s p e c i f i c teciiniques have been used and t h e r e f o r e the f i l e sizes 
quoted include much unused space. 
Tables presented i n t h i s s e c t i o n contain f i g u r e s f o r f i l e generation 
time wtiich are e x t r a c t e d from tfie sieur A c t i v i t y Lo<j (S.A.LOG). T i i i s log was 
w r i t t e n by programs wl-iich liave ciiangcd considerably as system m o d i f i c a t i o n s 
were implemented making i t u n l i k e l y t l i a t such f i g u r e s would be obtained by the 
c u r r e n t versions of the same programs. 
3.12 F i l e s associated with the -LIST protocol 
Table 3.12-1 siio\\?s the s i z e and time taken to generate versions o f each 
f i l e . The development of t l i e -LIST p r o t o c o l s was i n i t i a l l y r ather a r b i t a r y , 
being geared to the needs of the b i o l o g i c a l recorder. Once f i e l d data had 
been c o l l e c t e d and t l i e problems associated w i t h t h e i r processing i d e n t i f i e d . 
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F i l e n a m e D a t e o f Number o f S i z e o f Time t a k e n T o t a l time 
1 s t l i n e s c u r r e n t l a s t update t o g e n e r a t e 
TAXONINFO Aug:75.28 3850 42 11.76 423 
S P E C I E S L I S T Mar:74.03 3539 200 8.91 423 
TAXVERDAT Sep:77.01 40 1 • • 
TAXNEWDAT Sep:77.01 1063 6 • • 
REACHINFO Sep:77.01 1101 24 4.91 154 
REACHLIST SeD:77.01 5079 249 5.94 175 
RCKVERDAT J a n : 7 8 . 0 1 22 1 • • 
RCHNEWDAT Jan : 7 8 . 0 1 1310 2 • • 
CATINFO J a n : 7 8 . 0 1 161 3 1.23 75 
C A T LIST Jun:79.23 799 8 1 . 6 0 75 
CATVERDAT Jun:79.23 13 1 • • 
CATNEWDAT Jun:79.23 13 1 • • 
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Table 3.12-1 
Current s i z e and generation time f o r f i l e s associated w i t h tne -LIST protocols 
Number o f Nuuber of 
v e r s i o n s e d i t i o n s 
7 3 5 











The c u r r e n t e d i t i o n o f the l a t e s t v e r s i o n (number 302) of the S p e c i e s l i s t 
p r o t o c o l was produced cn May:80.01 
The c u r r e n t e d i t i o n o f the l a t e s t v e r s i o n (number 120) o f t h e R e a c h l i s t 
p r o t o c o l was produced on Jun:79.01 
The c u r r e n t e d i t i o n o f the l a t e s t v e r s i o n (number 100) o f the C a t l i s t 
p r o t o c o l was produced on Jun:79.23 
the implementations of the p r o t o c o l s v/ere improved. Tiie greater ntinljer of 
SPECIESLIST and REACHLIST versions may be explained i n terms of tiiese 
improvements. Tiie e a r l i e r f i r s t e d i t i o n dates f o r SPECIESLIST and HEACHLIST 
f i l e s r e f l e c t t i i e f a c t t h a t the p r o t o c o l approach was not u t i l i s e d u n t i l a f t e r 
work on l i s t s o f species and reaches had begun. A l i m i t e d l i s t o f species 
e x i s t e d on computer f i l e before the p r o j e c t began but needed considerable 
m o d i f i c a t i o n t o a l l o w expansion to occur. The C a t l i s t Protocol was tl i e l a s t 
to be designed and implemented (see 7.125). 
Most versions of the f i l e s mentioned i n Table 3.12-1 are preserved on 
magnetic computer tapes. Only the f i l e s s u f f i x e d -INFO are permanently 
a v a i l a b l e . M l other f i l e s are stored i n t i i e SIEUt^ System Arciiive on magnetic 
tape. These t i l e s are not included i n any of the estimates of database s i z e . 
I t can be seen t h a t the processor time taken t o develop these protocols 
and generate the f i l e s i s n e g l i g i b l e c o s t i n g w e l l under^C 10(i). 'Ihe time taken 
i n b i o l o g i c a l discussions t o decide tne p r o t o c o l design both i n terms of ttie 
Recording System and computer systan exceed by several orders of magnitude 
t i l l s t o t a l processor time. Tiie main problems i n iiandling these p r o t o c o l s was 
caused not by d i f f i c u l t i e s i n computing but by problems associated w i t h the 
Recording System d e f i n i t i o n of basic items sucli as "species" and "reach". 
C l e a r l y f o r computing purposes these problans iiad to be d e a l t w i t h r a p i d l y . 




3.13 Size and generation time for -DATA f i l e s 
Table 3.13-1 i n d i c a t e s the size and time taken to generate versions o t 
each data f i l e . 
Table 3.13-1 
Current s i z e and generation time f o r f i l e s associated w i t h the -DATA pr o t o c o l s 
F i l e n a m e Dato of Number 
1s t l i n o s 
E S i z e of 
c u t r e n t 
( p a y e s ) 
Ti".!? t a k e n Kecords atidod T o t a l time 
l a s t update l a s t updotu to (jonorate 
( s e c o n d s ) ' s e c o n d j j 
CHEMDATA 
HIVDATA 
Oct : 78 . H'i 





10.47 18 1117 
37. 58 44 26-';5 
DATEDAT 
S A R C A T 
SPEDAT 









Cl i E M . D I C T 
R I V . D I C T 
S.A.LOG 










Table 3.13-2 and 3.13-3 shows tl i e time taken by each f^iase of the a d d i t i o n 
program used to generate CHEiOATA and RIVDATA from t l i e i r c o n s t i t u e n t raw data 
f i l e s . 
The h i g h l y v a r i a b l e program loading times measured as: 
To t a l time - (Piiase I time + Piiase I I time) ...1 
may be explained by the varying program size due to system development work 
o c c u r r i n g side by side w i t h data processing. I t i s also influenced by the 
time of day a t v,/iiich the program was loaded i n t o t i i e computer. 
l^uch time was spent i n ensuring t i i a t ttie data entered were c o r r e c t . 
Four Testadd runs were required on average to process the b i o l o g i c a l raw data 
f i l e s and two to process the chemical f i l e s . The most frequent sources of 
e r r o r were the m i s - t r a n s c r i p t i o n of species records, and format e r r o r s i n the 
chemical data. 
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Table 3.13-2 
Timing s t a t i s t i c s f o r the generation of the CHEMDATA f i l e from the c o n s t i t u e n t 
raw data f i l e s using ttie Testacld Subsystem 
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Input filename Size Date 
BTK8 BTK8 





















3TK8 ETK3 BTK3 BTK8 BTK8 BTK3: 
BTK3 ; 
BTK8 ; BTK8; 
















BTK8 BTK8 BTK8 
CW.AA CW.AB CW.AD CW.AE CW.AF CW.AC CW.AH CW.AI CW.AJ CW.AK CW.AL CW.AM OT.AN CW.AU CVJ.AP CW.AQ CW.AR CW.AS CW.AT CW.AU CVJ.AV CW.AW CW.AX CW.AG CW.AHALF CW.BA CVJ.BB CW.BD CW.BE CW.BF CW.BG CW.BH CW.BI CW.BJ CW.BK CW.BL CW.BM CW.BC CW.BN CW.BO CW.BP CW.BQ CW.BR CW.BS CW.BT CW.BU CW.BW CW.BX CW.BV CVv'.BBE CK.BBF CW.BBH CW.RBI CW.BBG CW.BBA CW.BBB CW.BBC OT.BBD CW.BBJ CW.BBK CW.BBL CW.BBM 
52 Oct :78. 05 51 Oct :78. 05 67 Oct :78. 06 69 Oct :78. 06 80 Oct :78. 06 61 Oct :78. 09 50 Oct :78. 09 13 Oct ;78. 11 12 Oct :78. 11 19 Oct :78. 12 17 Oct :78, 12 15 Oct :78. 13 11 Oct :78. 13 29 Oct :78. 13 25 Oct :78. 17 36 Oct :78.18 21 Oct :78. 18 30 Oct :78. 18 25 Oct :78. 18 10 Oct :78. 20 44 Oct :78. 20 19 Oct :78. 23 11 Oct :78. 23 85 Jun :79. 05 57 Jun :79.05 10 Jun :79. 07 24 Jun :79. 07 22 Jun :79. 08 19 Jun :79. 08 19 Jun :79. 08 55 Jun :79. 08 57 Jun :79. 08 19 Jun :79. 13 32 Jun :79. 13 36 Jun :79. 13 30 Jun :79. 13 25 Jun :79. 13 28 Jun :79. 14 29 Jun :79. 15 49 Jun :79. 15 49 Jun :79. 15 49 Jun :79. 15 49 Jun :79. 15 49 Jun :79. 15 40 J un :79. 21 28 Jun :79. 21 10 Jun :79. 21 88 Jun :79. 21 180 Jun :79. 23 16 J u l :79. 31 17 J u l J u l • 7° 31 4 •79! 31 36 J u l :79. 31 45 J u l :79. 31 29 Aug :79. 03 49 Auq :79. 03 49 Aug :79. 03 28 Aug :79. 03 34 Aug :79. 03 64 Aug :79. 03 10 Aug :79. 03 18 Aug :79. 03 
Time of day 
17:49:11 17:51:36 16:36:56 16:54:16 17:00:58 13:06:57 14:19:31 17:03:49 17:08:12 15:56:09 15:57:19 15:08:07 16:59:29 17:02:10 15:16:14 11:39:50 11:43:45 16:56:39 16:59:53 11:49:47 14:54:54 13:14:36 13:14:37 18:57:05 19:02:35 13:25:41 13:26:56 13:07:19 13:10:02 13:13:59 13:15:54 13:19:51 13:35:46 14:06:48 14:25:50 18:15:07 18:24:43 09:41:36 00:38:19 00:40:34 00:43:30 00:46:18 00:49:06 00:51:41 18:38:27 18:40:54 18:49:47 19:01:55 10:45:43 12:54:19 16:23:27 16:42:34 16:43:04 17:05:57 11:29:02 10:57:43 11:07:49 11:17:50 12:21:05 12:34:44 17:24:26 17:56:26 
Ph^se 1 Pha^e I I Total time time time 
6. 754 2. 319 12.799 7. 158 2. 292 13.104 9. 737 3. 528 17.069 10. 701 4. 584 19.191 13. 397 5. 696 23.365 9. 743 4. 197 17.638 10. 351 2. 949 18.020 3. O i l 1. 213 8.319 3. 047 1. 040 8.813 4. 196 1. 569 10.300 4. 178 1. 424 10.531 4 . 212 1. 678 10.776 2. 958 1. 105 8.895 6. 384 • 2. 233 13.702 6. 346 2. 625 14.033 8. 777 3. 174 17.159 4. 194 2. 424 11.030 7. 818 2. 630 15.3C4 5. 201 2. 453 12.451 2. 623 1. 002 8.314 8. 885 4. 598 18.351 3, 694 1. 300 10.030 2. 817 • 1. 285 8.831 14. 325 5. 595 23.431 11. 088- 4. 038 17.394 324 1. 015 6.876 3.800 1. 831 9.048 3. 856 1. 970 9.399 3. 448 1. 803 8.799 3. 683 1. 525 8.720 8. 521 4. 468 16.796 9. 457 4. 309 17.516 4. 239 1. 850 9.998 7. 121 3. 157 14.416 7. 333 3. 467 14.824 6. 228 2. 445 12.644 4. 341 2. 351 10.145 6. 447 3. 439 13.930 C 
• 624 2. 707 11.942 7. 629 4. 304 15.702 8. 230 4. 294 16.297 8.031 4. 245 16.048 7. 962 4. 332 16.023 8. 439 4. 301 16.493 6. 524 3. 769 14.396 5. 291 2. 755 11.630 46. 596 17. 013 68.834 16. 886 7. 652 29.813 38. 438 16. 516 60.292 3. 807 2. 416 9.979 6. 187 3. 222 13.909 2. 240 1. 505 8.898 5. 423 6. 114 15.468 9. 425 6. 589 20.057 22. 347 19. 502 45.923 9. 533 7. 931 21.549 9. 719 7. 975 21.624 6. 741 5. 091 15.935 23. 184 16. 470 43.621 11. 317 9. 421 24.537 2. 469 2. 170 8.421 4. 023 3. 147 10.462 
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Table 3.13-2 
Timing s t a t i s t i c s f o r trie generation of the HIVDATA f i l e from t l i e c o n s t i t u e n t 
raw data f i l e s using Lne Testadd Subsystem 
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Input filename Size Date Time Ph^se 1 Phase I I Total of day time time time 
BTK8 :BS. I.GODOT 120 APR:79. 05 18:07 :34 32 936 52.329 DTK8 :BS.2.G0D0T 118 APR:79. 05 18:36 :28 38, 807 57.951 — BTK8 :BS.3.GQD0T 115 APR:79. 11 18:36 :28 34. 021 62.435 — BTK8 :3S.4.GODOT 121 APR:79. 11 18:36 :28 42. 846 • 72.024 — BTK8 :BS.5.G0D0T 100 APR:79. 11 18:36 :28 31. 871 72.291 — BTK3 :BS,6.G0D0T 92 APR:79. 12 18:36 :28 30. 071 66.084 — BTK8 :BS.7.G0D0T 68 A?R:79. 12 18:36 :28 23. 567 86.305 — BTK8 :BS.8.G0D0T 67 APR:79. 12 18:36 :28 24. 989 93.461 — BTK8 :BS.I.TWEED 88 APR:79. 12 18:36 :28 34. 200 115.871 — :BS.2.TWEED 91 APR:79. 12 18:36 : 28 4 1 . 595 145.266 — BTK8 :BS.3.TWEED 96 APR:79, 12 18:36 :28 39. 788 71.482 134.408 
— 
BTK8 :3S.4.TWEED 64 APR:79. 25 14:09 :28 :23 34. 506 
— 
BTK8 :BS.5.TWEED 55 APR:79. 25 18:25 31. 508 120.182 — BTK8 tBS.NIGl 89 APR:79. 27 18:30 :09 47. 799 43.335 43.882 91.134 BTK8 :BS.NIG2 84 MAY:79. 04 18:19 :09 43. 330 89.207 3TK8 :BS.NIG3 71 MAY:79. 05 02:40 :50 34. 531 38.027 74.289 BTK8 :BS.NIG4 19 HAY:79. 09 06:30 :37 9. 345 10.573 21.574 BTK8 :BS.WHT1 104 MAY:79. 14 18:09 :27 3 1 . 636 24.414 58.030 BTK8 :BS.SAY1 65 MAY:79. 15 19:49 :31 16. 160 15.007 32.020 BTK8 :BS.S''Y2 80 MAY:79. 17 06:34 :40 20. 948 21.876 44.521 BTK8 iBS.JWHl 132 MAY:79. 23 01:58 :21 27. 981 18.441 48.283 BTK8 :BS.JWH2 151 MAY:79. 23 02:04 :41 :50 36. 777 21.187 59.757 10.371 BTK8 :BS.JPH1 16 MAY:79. 23 12:22 3. 383 5.164 BTK8 rBA.NAGl 24 MAY:79. 24 23:16 :58 14. 563 22.571 38.966 BTK8 :BA.NAG2 24 HAY:79. 24 23:28 :31 17. 897 28.422 20.010 48.133 BTK8 :BA.NAG3 18 MAY:79. 24 23:52 :30 12. 975 34.637 BTK8 :BA.NAG4 6 MAY:79. 25 00:56 :33 4. 315 6.938 12.909 BTK8 :BA.WAG1 122 MAY:79. 25 15:23 :28 42.242 27.877 44.800 88.816 BTK8 :3A.SAG1 98 MAY:79. 25 16:06 10:42 :13 37.490 33.890 67.184 BTK8 :BA.SAG2 83 MAY:79. 26 :5S 25. 800 61.531 3TK8 :BA.HAG1 45 MAY:79. 26 10:57 :47 7. 4J6 8.094 17.228 BTK8 :BA.HAG2 63 MAY:79. 26 11:00 : 52 12. 435 12.995 27.108 BTK8 rBA.PHAGl 10 MAY:79. 26 11:06 :03 2. 193 3.853 7.765 BTK8 :BA.SAG3 49 AUG:79. 28 19:13 :21 15. 480 20.121 37.481 
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3.14 Per recx>rd processing s t a t i s t i c s 
The data i n Table 3.13-2 and 3.13-3 are presented i n f i g u r e s 3.14-1 ( f o r 
CHEMDATA) and 3.14-2 ( f o r KIVDATA) i n ^ i^aphical form. 1'ne l i n e a r r e l a t i o n s h i p 
of the various time functions against number of GAtMofvia records processed may 
be c l e a r l y discerned. I n c o n t r a s t tne f i g u r e f o r RIVUAi'A record a d d i t i o n s i s 
considerably more complex and sliows no c l e a r p a t t e r n . Reasons f o r tliese 
departures from a l i n e a r r e l a t i o n s h i p are discussed i n 7.122. The f i r s t peak 
(A) i n Table 3.14-2 was due to the extensive sequential f i l e searching 
required t o ensure no d u p l i c a t i o n of data existed (see 2.132). To overcome 
t h i s p r o b l a n , the Datedat Protocol (see 2.125 and 2.126) was conceived and 
implemented. This system m o d i f i c a t i o n almost c e r t a i n l y accounts f o r the 
improvement i n the s t a t i s t i c s t h e r e a f t e r (note peak (B) i s t o t a l time not 
Phase I I t i m e ) . 
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Table 3.14-1 
Per record processing s t a t i s t i c s f o r chemical data 
Section 
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Table 3.14-2 
Per record processing s t a t i s t i c s f o r b i o l o g i c a l data 
Section 3.14 
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3.15 System program developnent, security and integrity 
Tal;le 3.15-1 shows the approximate times taken to devise and implement 
t\\e major p r o t o c o l s . I n eacli case considerable developiTient work has gone i n t o 
tii e implementation wfiich i s not n e c e s s a r i l y showii. Burtnermore, the longest 
phase - tiie design and planning pnase was very d i f f i c u l t to q u a n t i f y 
a c c u r a t e l y . A more d e t a i l e d breakdown of the implementation of the Datedat 
Protocol i s pesented i n Section 3.22. This was the only prot o c o l which was 
studied i n any d e t a i l from the point o f view of development and 
implementation. 
Table 3.15-1 
Protocol implementation s t a t i s t i c s 
Protocol Design Progrcunming Testing Update Documentation 
SPECIESLIST 3 weeks 1 week 1 week 1 week 2 weeks 
REACHLIST 2 weeks 1 week 1 day 2 days 1 week 
CATLIST 1 week 1 day 15 mins — 
RIVDATA 20 months 2 months 1 month 3 weeks ? 
CHEMDATA 6 raonths 1 month 1 month — ? 
SPEDAT 4 weeks 1 week 3 days 4 days ? 
SARDAT 3 weeks 1 week 1 day - ? DATEDAT 1 week 3 days 2 days - ? 
Both the i n t e g r i t y and s e c u r i t y of the system are dependant on tne 
e x c e l l e n t f a c i l i t i e s a f f o rded by MI'S. However, i n a d d i t i o n f i v e magnetic 
ta[jes c o n t a i n copies of a l l the data anci programs s t r u c t u r e d i n a grandfather 
- f a t l i e r - son system. Archive copies of a l l raw datasets are kept on tape 
and other media i n case of system f a i l u r e . One copy of the data and programs 
i s kept separately i n Durham i n case of a catastrophe occurring in the 
Newcastle tape l i b r a r y . 
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3.2 Protocx)l mechanisms and the database approach 
3.21 Introduction 
The Recording System p r o t o c o l s form both encoding r u l e s and an 
implementation s p e c i f i c a t i o n (see 2.122). The implementation s p e c i f i c a t i o n i s 
i n terms of the r e l a t i o n s h i p s w i t h the o t l i e r elements of tne system. The 
e x p l o i t a t i o n and maintenance of t h i s network of r e l a t i o n s h i p s c o n s t i t u t e the 
SIEUK system. I n c o n t r a s t t l i e database management approach (as opposed to tlie 
database system approach - see Section 1.13) would be to examine the 
r e l a t i o n s h i p s i n the data and to express these i n simpler terms. Although 
t h i s approach was not the one implemented, such a v i s u a l i s a t i o n and i t s 
terminology can be used e f f e c t i v e l y t o describe the problans encountered and 
t l i e s o l u t i o n s employed. Furthermore, use of such a v i s u a l i s a t i o n of the data 
forms a t h e o r e t i c a l framework which could be used t o r development of the 
system as described i n Section 7.12. The simplest database management 
v i s u a l i s a t i o n i s the r e l a t i o n a l one (Section 1.13) wtiich considers the data to 
be two dimensional tables or " r e l a t i o n s " which have the f o l l o w i n g p r o p e r t i e s 
( M a r t i n , 1975) . 
1. each e n t r y i n a t a b l e represents one data item; tnere are no rej-ieating 
groups 
2. t l i e y are column homogeneous; t h a t i s i n any column a l l i t a n s are of the 
same kind 
3. each column i s assigned a d i s t i n c t name 
4. a l l rows are d i s t i n c t , having an unique Key c o n s i s t i n g of one or more 
colunns. Duplicate rows are not allov/ed 
5. both tiie rows and colunns can be viewed i n any sequence a t any time 
w i t h o u t a f f e c t i n g e i t h e r the in f o r m a t i o n content or the semantics of any 
f u n c t i o n using the t a b l e . 
This " f i r s t normal form" of ttie data (Codd, 1971) may then give r i s e to 
"second normal form" where each non-key colunn contains items which are wholly 
dependent on the e n t i r e key of a row. This us u a l l y implies f u r t h e r 
s i m p l i f i c a t i o n of the (Jata s t r u c t u r e . The second normal torm may then be 
f u r t h e r normalised t u g i v e the " t t i i r d ncjrmal form", wl)ere each non-key colunn 
i s independent of every other non-key colunn i n t h a t r e l a t i o n . I t can be seen 
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t l i e r e f o r e t h a t t i i e goal of the r e l a t i o n a l approacti would be to render the data 
i n t o r e l a t i o n s wiiicli are i n t h i r d normal form and then to implement a method 
of handling tliese r e l a t i o n s . Several such implementations nave been reviewed 
(Section 1.13) . 
3.22 -LIST protocols 
The -LIST pr o t o c o l s (Section 2.12) may be represented schematically by 
the f o l l o w i n g diagram ( a f t e r Martin 1975). 
f o r the S p e c i e s l i s t Protocol (2.122): 
Species # * — | ) — | — | * i n d i c a t e s a key elanent 
i n d i c a t e s B i s f u n c t i o n a l l y 
dependent on A 
Speciesname * 




# i n d i c a t e s "number" 
To convert t h i s schematic representation i n t o a r e l a t i o n read tlie items 
as colimn headings i n a two dimensional t a b l e of e n t r i e s wtiere each separate 
row represents a s{:)ecies. An a c t u a l database management implonentation may 
"see" each r e l a t i o n as several r e l a t i o n s e.g. one f o r eacn non-key colixnn. 
This i n the example atove would give r i s e to two a d d i t i o n a l r e l a t i o n s one for 
a u t h o r i t i e s and one f o r taxonomic d e t a i l s . THie c u r r e n t l y implemented version 
of t h i s p r o t o c o l has no d e t a i l s concerning species a u t h o r i t i e s or taxonomy 
although p r o v i s i o n has been made f o r t h e i r i n c l u s i o n . 
f o r the Reachlist Protocol (2.123) 
Country (f * 
Countrynamo * 
D e t a i l s 
Country # 
Stream # * — 
Streamname 
Basin 
D e t a i l s 
Country # * 
Stream if * 
Heacli # * 
Reacnnarae * 
D e t a i l s 
Three r e l a t i o n s are required i n order t h a t c o u n t r i e s and streams can be 
added to tli e system wi t h o u t the necessity of in v e n t i n g streams and reaches 
( t h a t i s making e n t r i e s i n t l i e r e l a t i o n ) to go w i t h the country or stream 
teing added. The SIKUR implementation overcoi;ies t h i s problan by considering 
t h a t each country i s a strear.i ( t l i a t i s i t lias been a l l o c a t e d a strean nunber) 
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and t l i a t each stream w i t h i n t h a t country, and reaches on t h a t stream, w i l l be 
r e l a t e d i n some numerical sequence. This mechanism nas worked v;ell w i t h the 
l i m i t e d number of c o u n t r i e s and streams wliicli SIEUH deals w i t h . 
f o r the C a t l i s t Protocol (2.124): 
A t t r i b u t e number * — i A t t r i b u t e nunber * 
A t t r i b u t e name A t t r i b u t e value number * 
A t t r i b u t e value name 
'IVo r e l a t i o n s are needed to represent the data s t r u c t u r e . The f i r s t 
d e f i n e s wiiat a t t r i b u t e s are recognised, the second, f o r each a t t r i b u t e 
d e l i m i t s the values and value d e t a i l s of every l e v e l of the a t t r i b u t e . I n the 
SIEUR implementation, t h i s mechanism i s employed f o r the m u l t i s t a t e a t t r i b u t e s 
used i n RIVDATA records but i s not employed f o r the chemical data (7.125). 
I t can be seen t h a t the -LIST p r o t o c o l s can be rendered e a s i l y i n t o a 
r e l a t i o n a l v i s u a l i s a t i o n and t i i a t t h i s probably accounts f o r the ease w i t h 
which the SIEUR implementation was made (Table 4.52-1). However, adding new 
-LIST p r o t o c o l s i n the SIEUR implementation requires new program code to be 
w r i t t e n , t e s t e d and implemented (see 3.321). In c o n t r a s t i n a database 
management implementation, adding a ;iev/ p r o t o c o l wrjuld merely r e q u i r e d e t i n i t u j 
the r e l a t i o n a l s t r u c t u r e of i t and adding the d e f i n i t i o n to ttie system. 
3.23 -DATA p r o t o c o l s 
The -DATA p r o t o c o l s c o n s i s t of two schanatic types, tliose whose data 
have inherent s t r u c t u r e i n themselves and those which do not. Ihe inherent 
s t r u c t u r e i s a t the sub-record l e v e l . Thus tiie epiphyte or morpiiological form 
data (2.125), recorded f o r one b i o l o g i c a l sample has inherent s t r u c t u r e v*iich 
i s i n i t s e l f data m e r i t i n g storage. The data subrecords which do not contain 
s t r u c t u r e s may be mapped e a s i l y i n t o the r e l a t i o n a l schema i n ways i d e n t i c a l 
to those proposed f o r the -LIST p r o t o c o l s . The data s t r u c t u r a l elements o f a 
subrecord are processed i n two stages. The f i r s t separates these elanents 
from t l i e simpler data elanents. The second renders i n t o data, the s t r u c t u r e s 
found. Sieur recognises o n l y simple plex s t r u c t u r e s (see Section 1.13) wtiich 
i t processes by rendering th&n i n t o an hierarchy which i t stores i n 
c o n j u n c t i o n w i t h the data. Thus the epiptiyte species form the data and the 
i n f o r m a t i o n about which epiphytes are found growing on what hosts forms the 
s t r u c t u r a l i n f o r m a t i o n . Storage of more complex s t r u c t u r e s than t h i s (see 
Section 1.13), and t h e i r r e t r i e v a l , w i l l need considerably more s o p h i s t i c a t e d 
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mechanisms than those c u r r e n t l y used. 
To express the epiphyte s t r u c t u r e i n a r e l a t i o n a l form consistent w i t h 
the d e s c r i p t i o n s of the -LIST p r o t o c o l s , two r e l a t i o n s must be used. I t may 








k 1 — Serai * 
Host * 
species # 







Some of the problems associated w i t h t h i s representation are: 
1. need f o r a d d i t i o n a l s t r u c t u r a l concepts ( e . g . host lev e l s ) 
2. d e t e r m i n a t i o n of keys. For example i s host l e v e l a key ? 
( C l e a r l y yes since w i t h o u t i t one v/ould not be able to d i s t i n g u i s h the 
same s£)ecies ac t i n g as a host at d i f f e r e n t l e v e l s ) 
3. hosts and epiphytes are species, and updates, e s p e c i a l l y d e l e t i o n s , i n the 
species r e l a t i o n must be r e f l e c t e d i n tlie hosts and epiptiytes r e l a t i o n s 
4. does d e l e t i o n of an epiphyte n e c e s s a r i l y mean the d e l e t i o n of the species, 
i n the species r e l a t i o n ? 
( C l e a r l y no unless t l i e only record o f the species i s as t h a t epiphyte, 
which i m p l i e s more data ( s t r u c t u r a l data) than e x i s t s ) 
5. maintaining dynamically the count o f epiphytes i n the host r e l a t i o n , the 
epiphyte number i n the epiphytes r e l a t i o n and tne \\ost l e v e l i n general. 
Because of tiiese problems and tiie major problem of recognising ttie 
i n i t i a l s t r u c t u r e i n the data, tx)th the c u r r e n t implementation and a database 
inanagaiK.'fit implementation are c o m p l e x . An i i r a n c K l i a b ; r e s u l t i s tha t data 
ufxJate w i l l i i n SII'.UK ol these ;;Lnx:l i i r . i I ii.it<i i : ; o r i l y \j'>:,:ii\)\v in / i I alK)r ion: ; 
m a n U f i J lash i o n . 
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3.24 Problems encountered i n using the Recording System protocols 
Altliough the design of the recording system pr o t o c o l s were influenced by 
thoughts o f how they could be implemented, few r e s t r i c t i o n s were placed on 
t h e i r design. I n performing the implementation the more important problems 
which were i d e n t i f i e d were: 
"What i s a stream and conversely what i s a bank?" 
"What i s the optimal s i z e of the stream sampling u n i t ? " 
"How do we deal w i t h diatom species wnich have to be cleared before 
f u l l binomial i d e n t i f i c a t i o n can occur?" 
"How do we deal w i t h v a r i a b l e chemical detectable l i m i t s ? " 
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3.3 Current SIEUR limitations 
3.31 Introduction 
The SIEUR system has both t h e o r e t i c a l and physical l i m i t a t i o n s . Ihe 
t h e o r e t i c a l l i m i t a t i o n s were introduced by the nature of the p r o t o c o l s , the 
design of the programs and the l i m i t a t i o n s of PL/1 and MTS. The physical 
l i m i t a t i o n s o f d i s k space and computer size and complexity were f o r the most 
p a r t expressed by l i m i t a t i o n s i n the MI'S operating system. Thus d i s k s i z e 
l i m i t a t i o n s were exercised through the MTS f i l e handling mechanisms. 
Because o f the d i f f i c u l t y of separating operating system l i m i t a t i o n s 
from r e a l p l i y s i c a l l i m i t a t i o n s - tli e term "absolute physical l i m i t a t i o n " w i l l 
be r e s t r i c t e d to the l i m i t a t i o n s imposed on the system by MI'S i n terms of 
absolute f i l e s i z e s , absolute memory sizes and r e l a t i v e e f f i c i e n c i e s ot 
program execution. The trade o f f between reasonable execution time and SIEUK 
system complexity was a f i i y s i c a l l i m i t a t i o n which was r e l i e v e d or aggravated 
as the NUMAC system changed or got more h e a v i l y loaded w i t h users. 
The term " p l i y s i c a l l i m i t a t i o n " w i l l be r e s t r i c t e d to those actual 
maximun sizes which the operating system mil a l l o w SIEUH t o expand to; these 
are described i n Section 3.33. 
3.32 Theoretical limitations 
The o p t i m a l sizes f o r f i l e s are \ / e l l w i t h i n tne absolute l i m i t s as 
i n d i c a t e d i n Table 3.32-1. For example the absolute maximum l i n e l e n g t l i for 
an MTS l i n e t i l e i s 32767 bytes, however, a length of greater than 1000 bytes 
i n c u r s time p e n a l t i e s v^^en i n p u t or output of i t must occur. Table 5.22-1 
attempts t o summarise some of these optimal values f o r MI'S f i l e s , although i t 
must be stressed t h a t these are conservative estimates based on no more than 
r u l e s of thumb. 
The f i l e l i m i t a t i o n s were the major l i m i t a t i o n on the SIEUR system. 
Many of the p r o t o c o l s were designed to e x p l o i t the advantages of the fttS f i l e 
system (see 3.1); however, they also take on the disadvantages. None of these 
disadvantages has as yet severely a f f e c t e d the syston; however, a tenfold 
increase i n the data may cause some of the l i m i t a t i o n s to become c r i t i c a l . 
The p r o t o c o l s themselves prjsed several l i m i t a t i o n s on the system. 'I'he 
complexity of the system was a r e f l e c t i o n on the need to ensure that data 
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Table 3.32-1 
Optimal MIS l i n e f i l e c h a r a c t e r i s t i c s 
Q u a n t i t y Stated 
l i m i t 
A c t u a l 




St-tirt l i n e -'j9999 .999 
End l i n e 
number 
'-:unter o f 
i i n o s 
r. . j n . ^ t l i c f 
l i n e s 
N u nber.o f 
b u f f e r s 
Expan.'iion 
f ; i c t o r 






















;r; n o t e s 
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( i ) 
( i i ) 
( i i i ) 
( i v ) 
(V) 
Not ( i ) 
( i i ) 
( i i i ) 
( i v ) 
( V ) 
O p t i m a a r e dep'.'ndant on f i l e and l i n e 
Each l i n e consumes 2 a d d i t i o n a l b y t e s 
4^96 i s the. p h y s i c d i r e c o r d l e n g t h , 
this need G ndd i t i o n c i l b y t e s p e r phys 
F i l e s l i r y e r t h a n 100 pa-jes i n c u r some 
ro|; l i n o r e f e r s t o a b s o l u t e e x p a n s i o n 
t o r e l a t i v e e x p a n s i o n s i z e : ; . I n e i t h e r 
h i g h l y d e p e n d e n t on s i z e - a l a r g e f i 
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r i l e s • • • i t ' . ! li:-.es i.v: l e s s t i i a n 4Uy5 by 
one pa J ; per l i n e and a r e u s u a l l y op 
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i n t e g r i t y was maintained; however, i t also placed much computer processing 
between the data and the system user which was not necessarily d e s i r a b l e 
because i t made system expansion more d i f f i c u l t than i t needed to be. Hie 
a d d i t i o n o f a new pr o t o c o l becames a major step unless i t already f i t t e d into 
an e x i s t i n g p r o t o c o l type. Table 3.32-2 sunnarises the various paremieters 
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associated w i t l i the a d d i t i o n of the Datedat p r o t o c o l nei-.cioned i n Section 3.14 
to the other e x i s t i n g a u x i l l i a r y f i l e p r o t o c o l s . 
Table 3.32-2 
Estimated computer resources used i n adding the DATEDAT f i l e to the a u x i l l i a r y 
f i l e p r otocols 
I t e m Elapsed CPU Computing 
r e a l t i m e t Lme c o s t s C'erlaj) 
(days) (seconds) ($) 
D e sign 2 50 H'ro V doc 
Programming 1 4 2 . 4-' Des r, te;: 
Te s t i ng 1 32 9.GJ Pro & wpd 
Update 2 13 2. 06 
Documentation 1 - - L)os, p r o , Lipd & doc 
An estimate i s presented i n Table 3.32-3 of the a d d i t i o n of a p l a n t 
a n a l y s i s p r o t o c o l to the e x i s t i n g -DATA p r o t o c o l s . This c o n s t i t u t e s a new 
pr o t o c o l type vAiich v\?ould have to be f u l l y implemented. 
Table 3.32-3 
Projected resource u t i l i s a t i o n f o r the a d d i t i o n of a pl a n t a n a l y s i s p r o t o c o l 




T e s t i n g 
D o c u m e n t a t i o n 
E l a p s e d Elapsed r e a l time (days) 
7-10 
2 3-4 5+ 2-3 
Terminal time (mins) 
30 
60 240 + 120 + 120 + 
CPU time 
(seconds) 
50 20 100-200 90-120 30 
Com pu tint) c o s t s 
( $ ) 
8-10 8-10 120-133 10-15 5 
Overlap 
Pro & Doc Des, Tes & Upd pro & Upd Des, Tes & Doc Des, Tes, Upd & Doc 
I n a d d i t i o n t o the the p r o t o c o l s , the chioice of programming language (or 
more c o r r e c t l y the compiler used) and the s t r u c t u r e s of the programs 
themselves c o n t r i b u t e d t o tlie l i m i t a t i o n s and the lack of speed of the system. 
The speed a t \4i i c i i the systan operates i s a r e f l e c t i o n of a s e r i e s of 
decisions concerning user or programming convenience. For exanple, f o r user 
convenience, the d e c i s i o n was made to maintain a l l data (except data 
s t r u c t u r a l elements) i n character form needing t r a n s l a t i o n t o i n t e r n a l 
f l o a t i n g p o i n t r e p r e s e n t a t i o n every time those data were required by the 
system. This d e c i s i o n was made more d i f f i c u l t because the programming 
language chosen, namely PL/1, was known t o have a slow and complex t r a n s l a t i o n 
mechanism. S i m i l a r l y various decisions v/ere made wl^iich r e s u l t e d i n on l y one 
data record d t a time r e s i d i n g i n main memory - a dec i s i o n which f u r t h e r 
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s a c r i f i c e d time e f f i c i e n c y , i n t h i s case i n favour of space e f f i c i e n c y and 
convenience. 
The SIEUR program docunentation must be r e f e r r e d to f o r more d e t a i l e d 
discussions of the program l i m i t a t i o n s and more complex examples of p r o t o c o l 
t o f i l e to program i n t e r a c t i o n s . 
3.33 Total cost and current physical limitations 
The t o t a l computing cost of the system and i t s development i s summarised 
by p r o t o c o l i n Table 3.33-1 
A d d i t i o n a l costs were the purchase of tapes, disks and manuals of 
various kinds. 
The c u r r e n t physical l i m i t a t i o n s are summarised i n Table 3.33-2. 
Itiese l i m i t a t i o n s are somewhat a r b i t r a u j owing to the ease w i t h which for 
example more d i s k space may be obtained. This ease o f expansion i s summarised 
also i n the t a b l e . M o d i f i c a t i o n s to the MTS system, which occur from time to 
t i m e , allows major r e - e v a l u a t i o n o f values quoted i n the t a b l e , f o r example 
w i t h the concept o f a " p r o j e c t i d e n t i f i e r " wliich has been proposed r e c e n t l y 




Estimated t o t a l costs of s e t t i n g up and maintaining t l i e SIEUR system 
P r o t o c o l o r 
Subsyiitem 
-INFO p r o t o c o l s 
( i n c l u d i n g d a t a i n p u t ) 
-DATA p r o t o c o l s 





T o t a l 
development 








T o t a l 
c u r r e n t 









r e a l 
c o s t s 




The v a l u e o f the tJUMAC' o has fluctuat'.'d e m u i d f j r., .b) y over 
t h e p e r i o ' of t h e s t u d y . M u l t i p l i c a t i o n by y.'i ' i i v e s an 
appro;: t e s t e r l i n g e s t i m a t e . 
Filcs|.M(.-e e s t i n a t e s are [ o r the b-i.^i'.- systew v/'>.!; no a l l -
owance f o - a u . ' i l l i a r y f i l e s , ri i c v i^Jiidi" ior>, Ky,'::.-;,i b.;ri:ups 
o r l o g s or a d d i t i o n a l m i s c e l l a n e o u s f i l e s s u c i i as " h e l p * 
f i l e s . 




Current physical l i m i t a t i o n s o f the SIEUR system (June, 1980) 
Item 
D i s k s 
Tapes 
F i l e s p a c e 
Pvation 
S i g n o n i d s 
A v a i l a b i l i t y 







8 K pages 
30 k pages 
3 k pages 
n i l 
3-4 days 
1-2 days 
( i ) 
( i i ) 
( i l l ) 
( i v ) 
(V) 
( v i ) 
( i ) 
( i i ) 
( i i i ) 
( i v ) 
(V) 
( v i ) 
IBK 2314 d i s k s a r e no l o n g e r s u p p o r t e d by NUMAC. 
Tapes a re e a s i l y purchased t h r o u g h NUMAC. 
S p e c i a l r e q u e s t s must be made f o r permanent p u b l i c f i l e s p a c e 
(> 12i; pages) . Databasss a re c o n s i d e r e d a s p e c i a l case and 
e x t r a f i l e s p a c e i s u s u a l l y e a s i l y a c q u i r e d . 
Rricion i s i n c r e a s e d by s p e c i a l r e q u e s t . The normal r a t i o n i s 
363 u n i t s per week. I n c r e a s e f o r l i m i t e d p e r i o d s i s p o s s i b l e . 
One i d h o l d s t h e d a t a b a s e . The o t h e r two are used f o r p o s s i b l e 
development work. 
T h i s f l u c t u a t e s on a day by day b a s i s a c c o r d i n g t o p u b l i s h e d 
t i m e t a b l e s . A s p e c i a l s e r v i c e i s sometiiTies a v a i l a b l e at 
weekends - f o r 5-6 h r s . 
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3.4 Acid study considerations 
3.41 Introduction 
The SIEUR query language was used as the s t a r t i n g ix>int f o r a l l the 
analyses v\/tiicti are presented. The sp e c i a l programs ;\?hich were w r i t t e n to 
manipulate the data could e a s i l y be b u i l t i n t o the system as i n t e g r a l p a r t s . 
Tl-iis would however require some work to ensure t h a t they v;ere general enough 
to be used i n a l l c o n d i t i o n s . 
This s e c t i o n summarises the costs i n performing these analyses as a 
guide to the costs t h a t would be expected i f s i m i l a r analyses were performed. 
An hiidden element i n these presentations i s the develo^jnent of ttie technique, 
be t h a t i n terms of the query s i j e c i f i c a t i o n s or i n terms o t the program 
development. A l l the r e s u l t s presented i n t h i s s e c t i o n are approximations 
based on s i n g l e runs. No attempt has been made to i n t e r p r e t them 
s t a t i s t i c a l l y or to remove any bias due to runs being a t d i f f e r e n t times o t 
day. 
3.42 Average query times and costs 
The types of query may be c l a s s i f i e d l o o s e l y i n t o 'chemical queries', 
' b i o l o g i c a l queries' and 'mixed queries' i n v o l v i n g both ctia n i c a l and 
b i o l o g i c a l v a r i a b l e s . 
Examples are: 
a. pH-fld <- 4.0 
b. SPECIESNUMBEH = 102069 
C. pH-fId <= 3.D & SPECIESNUMBER = 102059 
The f i r s t involves no a u x i l l i a r y index f i l e s and requires a f u l l search 
of the chemical d a t a s e t , and i s t l i e r e f o r e dependant on tl i e dataset s i z e . 'itie 
second i s a f u l l y indexed search of ttie species index f i l e , 'itie t l i i r d , i s 
optimised by the system such t h a t the indexed b i o l o g i c a l query i s performed 
f i r s t , expansion then occurs and redundant c h o n i s t r i e s are discarded i n a 
f i n a l pass over the expansion c h a n i s t r i e s . A summary i s given (Table 3.42-1) 
of v a r i o u s resource u t i l i s a t i o n s v,/lu;n t.ii(. queries atxjve were presented to the 
query s y s t e m . 
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Table 3.42-1 
Computing resources used i n performing d i f f e r e n t query types 
( o n (^ auAoe>c'^ >aod = c n ) , o f f (^duioexpac^A - o f f ^  ) 
T y p e 
Q j o r y ItoiB = " = > > = < < = 
V a r i t ' i b l c C o n s t J n t m e d s u c c d on o f t o f f o f t o f f o f f o f f 
S i m p l e T ( c a c o n d s ) 17.7 37. 2 37.6 64.i) I'G.J 37. 3 37.5 
C i i t f i M i r f i l p H - f l d . l . i ' n ( r e n r c J S ) 3 2 I'^il 1221 26 28 
Sirr.:-U " 7.7 1.2 - - - - -
i . T l t x o d SPN 231202 n 5 3 - - - - -
1 s e ^ . - . j i i 
K i n p l e 
in;;.;xed Gonus 1019 
47.4 
187 
>1 s e a i c n 
M i x e d SPN ( = ) 2311)32 T - 9.3 - 9.4 12.2 11.3 15.6 
p H - f l d 4.a n 5 - 7 12 k) U 
I t was soon noted t h a t the best way t o perform an a n a l y s i s was to 
generate a stack using an indexed v a r i a b l e wtiere p o s s i b l e , and then to expand 
t h a t stack e x p l i c i t l y . This also means t h a t there was much greater c o n t r o l 
over the expansion step which could be used i n many ways. I t was noted t l i a t 
simple queries were b e t t e r than complex m u l t i p l e queries, and that i n general 
the b i o l o g i c a l data were easier to access because o f the inherent indexed 
nature of the speciesnunber concept. M u l t i p l e queries of Uie biological data 
were u s u a l l y counterproductive since i t was f r e q u e n t l y not obvious that 
queries were being s p e c i f i e d erroneously. For example: 
Phylum-pair = 10 & genus-pair = 2 0 ...1 
i s not e q u i v a l e n t t o 
Genusnunber = 1020 ...2 
because the query system has no way of knowing whether the two query atoms are 
l i n k e d or n o t . Hence query (1) would r e t r i e v e a l l samples where there existed 
a species i n the phylum 10, and a species i n any genus 20. Ttius a sample witti 
only 102001 i n i t would be r e t r i e v e d as would any w i t h 101010 and 012050, 
v^iich may or may not be what was intended. 
Special a t t r a c t i o n s of the system were that i t was verbose enough to 
a l l o w the hard copy t r a c e o f a session t o g i v e complete docunentation in 
i t s e l f ; and ttie stack storage mechanism vrtiich allowed various subsets to be 
stored e f f i c i e n t l y . 
The many disadvantages of the system were due u s u a l l y to tlie meclianisms 
which were not implemented. These ranged from more comprehensive optimisation 
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techniques i n the query system to ti\e absence of cross l i n k s to the TAXONINFO 
and liEACHIMbO f i l e s . Several iTiinor program bugs were encountered and 
c o r r e c t e d , and many possible d i r e c t i o n s f o r expansion of the system were 
i d e n t i f i e d . 
The cost of s e t t i n g up the acid dataset was not assessed since i t was 
considered not necessary t o maintain separate records f o r the a d d i t i o n of acid 
data. 
3.43 Data processing and f i l e storage costs 
Data processing and f i l e storage costs may be separated i n t o ttie 
additional programs needed to manipulate the acid data and the cost o l using 
the v a rious s t a t i s t i c a l and other packages. Analyses are presented in terms 
o f performing one p a r t i c u l a r type of s t a t i s t i c a l analysis on a l l packages. 
'Itiis does not taKe i n t o c o n s i d e r a t i o n the known strengths and weaknesses of 
the packages t r i e d . 
Presented f i r s t i n Table 3.43-1 are the estimated a d d i t i o n a l resources 
expended i n w r i t i n g , t e s t i n g and running the a d d i t i o n a l programs used by the 
ac i d data analyses. These are presented i n terms of one exanple program wfiich 
was used t o p l o t the species iiistograms presented i n 4.5. 
Present i n Table 3.43-2 i s a summary of the resources expended running a 
p r i n c i p a l component an a l y s i s on the four d i f f e r e n t [jackages, 1 SPSS, 2 MIDAS, 
3 OSIRIS and 4 CLUSTAN. 
Itie four packages r e f e r to d i f f e r e n t matrices as the Principal 
components m a t r i x . CLUSTAN and MIDAS r e f e r to the c h a r a c t e r i s t i c vectors 
(eigenvectors) extracted from the c o r r e l a t i o n m atrix w i t h u n i t i e s i n the main 
diagonal as the p r i n c i p a l component m a t r i x . SPSS and (DSIHIS produce a matrix 
i n v4nch the eigenvectors are m u l t i p l i e d by the square root of the 
corresponding eigenvalue. This m a t r i x i s referred to as the "factor matrix" 
and i t i s implie d t h a t t h i s i s the p r i n c i p a l component matrix altliough no 
mention i s made of a p r i n c i p a l component m a t r i x as such. OSIRIS provides the 
eigenvectors and eigenvalues i n a d d i t i o n to the f a c t o r matrix referring to 
them as the c h a r a c t e r i s t i c v ectors and c h a r a c t e r i s t i c roots respectively. 
Throughout t h i s t h e s i s the term " p r i n c i p a l component ma t r i x " w i l l be used to 
r e f e r to the " f a c t o r m a t r i x " of OSIRIS terminology wtiich i s produced from tlie 
c o r r e l a t i o n m a t r i x w i t h u i i t i e s i n the main diagonal. 
Wlien comparing ttie r e s u l t s t o r the d i f f e r e n t packages i t was noted tiiat 
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Table 3.43-1 
Estimated computer resources used i n s e t t i n g up and using an acid data 
manipulation program i n v o l v i n g p l o t t i n g 
Item Developrent T e s t i n g Running Update Comments 
( c o s i . o f 1 run) 
F i l e s p a c e 4 pages 6 pages 2 pages 2 pages ( i i i ) , ( i i ) 
t i m e 150 sees 150 sees 25 sees 5e sees ( i i i ) 
Elapsed t i m e 5 days 1 day "12 mins 1 day ( i i i ) 
P l o t t i n g t i m e 50 mins 40 mins "20 mins 20 mins ( i ) , ( i i i ) 
T o t a l c o s t 15 . 10 < 1 5 ( i v ) 
( 1 ) P l o t t i n g ti:ne i s b a t c h p l o t t i n g of seven p l o t frames. 
( i i ) F i l e s p a c e e s t i m a t e s do n o t i n e l u d e space r e q u i r e d by d a t a . 
( i i i ) Ueveiopnient and t e s t i n g t i m e s are d i f f i c u l t t o s e p a r a t e e x a c t l y . 
( i v ) Cost i£ quoted i n NUMAC a c c o u n t i n g u n i t s vhich c o r r e s p o n d r o u g h l y 
t o pounds s t e r l i n g . 
a l t i i o u g h the weights f o r a comfX)nent were us u a l l y numerically identical 
( a l l o w i n g f o r d i f f e r e n t nunbers of s i g n i f i c a n t d i g i t s ) t l i e signs were 
f r e q u e n t l y r e f l e c t e d ( i . e . f o r a whole component m u l t i p l i e d by - 1 ) . Harman 
(1976) p o i n t s out t h a t the s i g n i s a r b i t a r y and may, w i t i i o u t affecting ttie 
s o l u t i o n , be r e f l e c t e d a t w i l l . This i s because the e l l i p s o i d which 
represents the component can, w i t h o u t l o s s o f g e n e r a l i s a t i o n , be rotated about 
i t s midpoint i n any a x i s (the midpoint w i l l be a t 0.0 because of 
s t a n d a r d i s a t i o n . ) 
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Table 3.43-2 
P r i n c i p a l Component Analysis - resource u t i l i s a t i o n 
Item SPSS MIDAS OSIRIS CLUSTAN 
2.81 1.29 4.50 2.83 
68 110 75 42 
4 2 7 5 
12 2 20 6 
Time (CPU seconds) 
V i r t u a l memory (pages) 
Elapsed t i m e (mins) 
Pages p r i n t e d 
(The recommend.:d d e f a u l t parameters w i t h r e g a r d s 
o u t p u t g e n e r a t e d and s t a t i s t i c s performed were useC) 
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3.44 Software use limitations and considerations 
A l l the SIEUR software i s f u l l y a v a i l a b l e t o any research worker. Tne 
whole system i s h e a v i l y MTS dependant because of the i n t i m a t e use of the f i l e 
system and would i n v o l v e considerable m o d i f i c a t i o n i f i t were t o be moved i n 
i t s e n t i r i t y t o another com{XJter running under a d i f f e r e n t operating system. 
However, many p a r t s o f the system, f o r example the a d d i t i o n a l data 
manipulation programs, may be moved t o other computers or operating systems 
w i t h l i t t l e d i f f i c u l t y . 
Many o f the program products used by the system and i n performing the 
ana l y s i s are NUMAC s p e c i f i c and use of them i s r e s t r i c t e d - although i t i s 
l i k e l y t h a t s i m i l a r packages e x i s t a t most computer i n s t a l l a t i o n s ( f o r example 
a " s o r t " u t i l i t y or general s t a t i s t i c a l program). I n a d d i t i o n NUMAC i s 
charged f o r use of c e r t a i n packages l i k e SPSS and CLUSTAN and f u r t h e r 
r e s t r i c t i o n s are placed on v\^io may use them. For example SPSS costs $3000 
per annum and may be used o n l y by r e g i s t e r e d acadanic users. An a d d i t i o n a l 
problem i s t h a t the source code f o r many packages i s not d i s t r i b u t e d . I f 
problems do a r i s e , they u s u a l l y take a long time t o put r i g h t ( e s p e c i a l l y 
CLUSTAN). 
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4.1 Data selection 
4.11 Introduction 
Chapter 4 presents the r e s u l t s of tne ana l y s i s o f the acid data present 
i n SIEUR (4.1) and describes these data i n chemical and b i o l o g i c a l terms using 
simple u n i v a r i a t e ( 4 . 2 ) , b i v a r i a t e (4.3) and m u l t i v a r i a t e (4.3 and 4.4) 
s t a t i s t i c s . F i n a l l y i n 4.5 an attempt i s made to r e l a t e tbe occurrence of 
species t o the environmental pH. At several p o i n t s i n t n i s chapter discussion 
m a t e r i a l w i l l be introduced where t h i s helps t o c l a r i f y t l i e r e s u l t s . 'ihese 
a d d i t i o n a l p o i n t s , vy^iich are secondary to ttie mainstream of t l i i s t h e s i s w i l l 
not be taken up f u r t h e r . 
The aim of 4.1 i s t o present the r e s u l t s of the analyses of the 269 
water c h e m i s t r i e s of the acid samples dataset whicli were obtained on issuing 
the simple query: 
pH-fId <- 4.0 ...1 
v ^ i c h assumes t h a t a l l l a b pH data were ignored. 
I n generating and examining 1±is basic query, several p o t e n t i a l pH 
ranges, and ttie ranges of other v a r i a b l e s were examined f o r t i i e whole dataset. 
Itiese r e s u l t s are included i n t h i s s e c t i o n , l l i e r e l e v a n t analyses of the 125 
water c i i e m i s t r i e s of the acid species dataset found on expansion "bydate" of 
the 269 aci d samples i n t o aggregate b i o l o g i e s are also presented. The r e s u l t s 
of the l i m i t e d analyses of the 509 water chemistries of ttie acid s i t e s dataset 
found on expanding ttie acid sample dataset "bysar" are given i n 5.1. 
The underlying problan w i t t i t i i e use of the acid samples dataset i s that 
i n t aking a s p e c i f i e d range o f data, bias i s introduced immediately i n t o the 
study wtiicti may render s t a t i s t i c a l a n a l y s i s i n v a l i d or very d i f f i c u l t . 
Furtiiermore the m u l t i p l e samplings of some reaches w i l l be given equal weight 
v^en compared w i t h the s i n g l e samplings o f other reacties. These problems are 
ignored i n 4.1, which aims t o present ttie r e s u l t s w i t h o nly some i n t e r p r e t i v e 
ccxnments. 
4.12 Other pH ranges examined and stacks produced 
The other pH ranges examined i n t h i s a n a l y s i s are compared and 
summarised i n Table 4.12-1. Presented i n Table 4.12-2 are d i s t r i b u t i o n 
Section 4.12 
other pH ranges examined and stacks produced Page 92 
pH range 
< = 2.0 
<=3.0 
< = 4.0 
< = 5. 0 
Table 4.12-1 
Comparison o f various query r e s u l t s stacks 
c h e m i s t r i e s (:) 1 by 1 samples (*) aggrogstes (8) 
6 6 4 13 3 2 6 
221 95 45 303 83 45 124 
284 115 59 319 95 52 136 









The f i ' o ' - f i g u r e i n each t r i p l e i s the number of s a n p l e s , the 
second t h e number o f reaches fro;o v.nich t h e s.inpJes ca.r.e and the 
t h i : d t h e number of streams from winch the reaches cd:;ie. 
histograms of water chemistry samples, reaches and streams i n terms o f t h e i r 
pH across the Oiole of the SIEUR dataset. 
Table 4.12-2 
D i s t r i b u t i o n o f chanical samples, streams and reaches i n terms of their pH 
values 
SAMPLES 1689 STREAMS 
10.78 10.26 
9.22 a.70 5. 16 7.66 7. m 6.82 6. 10 S.S8 S.06 
U.SV V.02 3.SO 2.98 2.M6 1.9V I . •12 0.90 
tL 
5 
450 REACHES 806 
The over r e p r e s e n t a t i o n of acid streams can be seen i n Table 4.12-2. Ttiis pH 
p r o f i l e o f the SIEUR dataset w i l l change w i t h time as more non-acid data are 
added to the system. 
4.13 S t a t i s t i c s of variables i n acid stacks 
Table 4.13-1 summarises the ranges, means and standard d e v i a t i o n s of the 
v a r i a b l e s associated v/ith the f i e l d pH <= 5.0, <=4.0 and <= 3.0 acid stacks. 
I n generating Table 4.13-1 values a t the detectable l i m i t were ignored (see 
2.22). The i n t c r v a r i a b l o . ' i t a t i s t i c s ff^r t l i i s dataset are presented i n Section 
^-32 as ikirt of. th(.' p r i n c i i w l c(m\)i)i\<;u\ analysi:; re.suit:;. 
Section 4.13 
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Table 4.13-1 
Comparison of the ph y s i c a l and chemical parameters drawn from SIEUK (June 
1980) when the queries pH <= 3.0, <= 4.0 and <= 5.0 were used to define the 
datasets 
[r\) SD 
(a l l eiemeats as nn^ I - ^ 
Section 4.13 




y^u.B con' ) 
pH-fld 
a c i d i t y 
{fr\9 L-^CaCOj) 
E h - f l d 
Ka 
pH <= 3.0 
0.002 0.99 0.11 (204) 0.18 
























10.600 64000.00 4037.13 (202) 6841.74 
440.000 560.00 512.50 ( 12) 39.95 
0.270 ^^3550.00 
(219) 335.65 
0.030 63.00 6.32 (219) 11.55 
0.620 2340.00 226.58 (219) 3.12.51 
1.200 556.00 171.26 (219) 159.42 
0.025 303.00 15.19 (219) 45.03 
0.002 536.00 13.54 (213) 58-69 
0.014 544.00 34.03 (219) 60.03 
0.990 23000.00 704.93 (219) 2068.76 
0.320 3130.00 149.79 (219) 342.48 
0.001 4.95 0.20 (220) 0.47 
0.001 20.00 0.98 (209) 1.93 
0.020 50.40 2.24 (209) 4.53 
0,010 76.00 1.10 (185) 6.47 
0.030 10.80 1.56 (185) 1.94 
0.050 4.00 0.59 (180) 0.58 
68.000 8580.00 1428.70 (184) 1439.25 
10.500 1800.00 53. 39 (202) 131.22 
0.500 114.00 36.17 (194) 18.61 
0.000 106.00 74.71 (172) 21.47 
0.000 49.00 11.37 (208) 7.01 
pH <= 4.0 
0.001 0.99 0.10 (252) 0.17 
63.700 80000.00 4795.99 (245)14598.95 
0.900 4.00 2.82 (269) 0.46 
10.600 64000.00 3248.20 (256) 6264.76 
382.000 560.00 493.13 { 15) 55.60 
0.270 3550.00 148.42 (279) 301.63 
0.030 123.00 8.91 (279) 18.01 
0.250 2340.00 192.48 (280) 284.89 
0.540 556.00 156.70 (280) 149.30 
0.025 303.00 12.72 (280) 40.77 
0.002 536.00 10.89 (267) 52.66 
0.014 544.00 27.88 (280) 54.45 
0.040 23000.00 558.37 (280) 1850.05 
0.270 3130.00 120.70 (279) 308.38 
0.001 260.00 1.10 (282) 15.48 
0.001 20.00 0.81 (261) 1.76 
0.004 50.40 1.84 (262) 4.12 
0.010 76.00 0.92 (223) 5.90 
0.030 10.80 1.39 (224) 1.81 
0.020 4.00 0.63 (225) 0.61 
0.840 3580.00 1224.86 (228) 1361.48 
7.680 1800.00 49.16 (251) 119.03 
0.100 114.00 32.84 (240) 19,57 
0.000 106.00 76.53 (207) 20.07 
0.000 49,00 11,37 (265) 6.95 
pH 5.0 
0.001 0,99 0,09 (281) 0,16 
34,000 80000.00 4317,69 (274)13872.20 
0.900 6.30 3.00 (297) 0,73 
8.300 64000.00 3016.76 (276) 6089.43 
260,000 ^^^560.00 
( 22) '97.90 
0.270 3550.00 137.10 (315) 293.47 
0.030 484.00 9.87 
(315) 32.01 
0.250 2340.00 173.54 (316) 274,72 
0,540 596.00 143.04 (316) 149,50 
0,004 3610.00 22.76 (316) 206.08 
0.001 536,00 9.73 (299) 49.86 
0.014 544.00 25.72 (316) 54.11 
0.030 23000.00 494.83 (316) 1750.15 
0.015 3130.00 107.69 (313) 293.48 
0.001 260,00 1.00 (318) 14.58 
0.001 20.00 0.79 (276) 1.73 
0.004 50.40 1.74 (278) 4.02 
0,010 76,00 0,86 (241) 5.68 
0.009 ^ 10.80 
(246) ' 1.75 
0,010 4,00 0.62 (246) 0,60 
0,840 8580,00 1124,12 (250) 1340,29 
3,600 1800,00 45,87 (280) 113,15 
0.025 114.00 29,82 (268) 20.58 
0.000 106.00 76.88 (214) 19.84 
0.000 49.00 11.21 (292) 6.80 
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4.14 Other variable ranges examined as potential stack generators 
I n T a b l e s 4 . 1 4 - 1 and 4 . 1 4 - 2 a r e p r e s e n t e d t h e r e s u l t s when v a r i a b l e s 
o t h e r t h a n pH were a n a l y s e d as p o t e n t i a l d a t a s e t g e n e r a t o r s . The m a j o r 
p o t e n t i a l v a r i a b l e s were a c i d i t y , c o n d u c t i v i t y and redox p o t e n t i a l . Redox 
p o t e n t i a l v/as r e j e c t e d because o f t h e c o n s i d e r a b l e q u a n t i t y o f m i s s i n g data 
a s s o c i a t e d w i t h i t . A l k a l i n i t y f i g u r e s were i g n o r e d as i n a p p r o p r i a t e . 
Table 4.14-1 
D i s t r i b u t i o n o f SIEUR c h e m i s t r y s a m p l e s , s t r e a m s and reaches i n terms o f 
C o n d u c t i v i t y 
SAMPLES 
5 . 0 5 
q . 6 2 
V . U l 
• 1 . 1 9 
3 . 9 a 
3 . 7 7 
3 . 5 6 
3 . 3 V 
3 . 1 3 
2 . 9 2 
2 . 7 0 
2 . M S 
2 . 2 8 
2 . 0 6 
1 . 8 S 
l.BH 
m 3 
1 . 2 1 
1 . 0 0 
1829 STREAMS 
El 
q64 REACHES 847 
To g e n e r a t e a p p r o x i m a t e l y 25H sample c h e m i s t r i e s u s i n g C o n d u c t i v i t y o r 
A c i d i t y t l i e v a l u e s p C o n d u c t i v i t y ( l o g ^ g c o n d u c t i v i t y ) >= 2 .02 and p A c i d i t y 
( l o g j g a c i d i t y ) >= 2 . 5 5 w o u l d have t o be u s e d . 'i"hese y i e l d a l m o s t i d e n t i c a l 
numbers o f s t r e a m s and reaches t o t h e pH <= 4 . 0 l e v e l w i t h c o n s i d e r a b l e 
s i m i l a r i t y i n t h e a c t u a l s t r eams and reaches r e t r i e v e d . I l i e deg ree o f 
c o r r e l a t i o n be tween t h e t h r e e p o t e n t i a l s t a c k g e n e r a t i n g v a r i a b l e s i s 
summarised f o r t h e t o t a l SIEUR d a t a s e t i n T a b l e 4 . 1 4-3. 
Many o t h e r methods o f g e n e r a t i n g t h e i n i t i a l a c i d d a t a s e t were e x a m i n e d . 
I l i e s e were tosed on b o t h c h e m i c a l and b i o l o g i c a l c r i t e r i a and used complex 
i n c l u s i o n f o r m u l a e v^iere s i t e s were i n c l u d e d i f on ave rage t h e i r pH was below 
v a r i o u s l e v e l s o r t l i e i r modal l e v a l o f o t h e r p a r a m e t e r s was above s p e c i f i e d 
c r i t e r i a . None o f t h e s e methods was adop ted because t h e y were c o n s i d e r e d t o 
be t o o s u b j e c t i v e o r based on c r i t e r i a v ^ i c h c o u l d n o t be r e c o n c i l e d w i t h a 
g e n e r a l i s e d d a t a b a s e a p p r o a c h (See 7 . 3 1 2 ) . 
S e c t i o n 4.14 
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Table 4.14-2 
D i s t r i b u t i o n o f SIEUR c h e m i s t r y s a m p l e s , s t r e a m s and r eaches i n t e r m s o f 
a c i d i t i t y 
SAMPLES 338 
. 5 8 
, 3 5 
. 1 3 
, 9 0 
6 8 
V S 






1 . 8 8 
1 . 6 5 
1 . U 3 
1 . 2 0 
0 . 9 8 
0 . 7 5 
0 . S 3 
0 . 3 0 
STREAMS 117 REACHES 203 
] P 
1 
S e c t i o n 4.14 
page 96 
Table 4.14-3 
C o r r e l a t i o n s be tween p o t e n t i a l s t a c k g e n e r a t i n g v a r i a b l e s a c c r o s s t h e w n o l e 
SIEUH da tabase 









X -.2905 -.6558 .4953 .6542 -.3358 -.8374 
X (1243) (1243) (575) (552) (382) (315) 
X -10.69 -30.60 13.64 20.29 -6.94 -27.10 
X *** *** *** *** *** *** 
6.46 X X .3021 .2521 .7453 .6090 
1.9 X X (620) (613) (331) (294) 
1198. X X 7.88 6.44 20.28 13.12 
6725. X X **• *** *** *** 
6.46 X X .6695 .6487 .4994 
1.9 X X (620) (613) (331) (Z'ii) 
2.57. X X 22.41 21.07 10.46 22.09 
0.53. X X *** *** *** *** 
7.36 326.02 2.36 X X - -
0.7 586. 0.32 X X — 
75.9 80.1 80.0 X X — 
67.9 68.3 68.3 X X 
7.36 326.02 2.36 X X - -
0.7 586. 0.32 X X — 
1.66 1.71 1.71 X X 
0.5 0.47 0.47 X X 
3.68 2728.0 3.20 - - X X 
1.7 1197. 0.49 - — X '; X 2584. 2747. 2747. - - X X 5790. 5960. 5960. — X X 
3.68 2728.0 3.20 - - X X 
1.7 3397. 0.49 - — X X 2.629 2.66 0.49 - — X X 1.03 1.04 1.04 X X 
dia-joivi 1 natrix concjins correlation co ?ffic:i'^n, (n) , at'Litic >:rA 
•3nct' (* *' = 9'J *). Ljtto.'n h c i l £ dia _v:n i l cor.tai'-.;; ';!c :•• vni.'.i C.IM illi.lii.lUITl 
'or th'' borizrintal ttv v','icical I'Jo rs in each cai. 0) 
Section 4.14 
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4.15 Raw data table - data subsets 
A raw d a t a t a b l e ( T a b l e 4 . 1 5 - 1 ) has been p roduced f o r t l i e pH <= 4 . 0 
s t a c k u s i n g t i i e f r a c t i o n s u b s t i t u t i o n t e c h n i q u e o u t l i n e d i n 2 . 2 2 2 . I h e raw 
d a t a t a b l e ( T a b l e 4 . 1 5 - 1 ) may be r e p r e s e n t e d s c h e m a t i c a l l y b y T a b l e 2 . 2 4 - 1 
v ^ i c h a l s o p r e s e n t s t h e o t h e r b i o l o g i c a l and c h e m i c a l d a t a s e t s . T a b l e 4 . 1 5 - 2 
p r e s e n t s a summary o f t h e s e v a r i o u s d a t a s e t s i n t e r m s o f m i s s i n g d a t a and 
o t h e r p a r a m e t e r s . 
S e c t i o n 4.15 
Page 98 la.) 
Table 4.15-1 
C h e m i c a l and p h y s i c a l p a r a m e t e r s o f w a t e r c h e m i s t r y s amp le s t o be f o u n d i n 
SIEUR (June 1980) i d e n t i f i e d b y t h e q u e r y p H - f l d <= 4 . 0 
(jdn^^s as in T a b l e k iS-i p 9 5 ) 
S e c t i o n A.lb 
s t a c k I s p l l - f l d 4 . 0 (269 d a t a s e t ) S h e e t A.1 
s e r i d 
0 0 0 4 5 G : 
0 K 0 1 5 7 : 
0 0 0 4 5 8 : 
0 0 0 4 5 9 : 
0 0 0 4 9 2 : 
0 0 0 4 9 3 : 
0 0 0 4 9 4 : 
0 0 0 4 9 5 : 
0 0 0 4 9 6 : 
0 0 0 4 9 7 : 
0 0 0 4 9 8 : 
0 0 0 5 0 5 : 
0 0 0 5 0 6 : 
0 0 0 G 0 5 : 
0 0 O 6 0 B : 
0 0 0 6 1 2 : 
0 0 0 6 1 3 : 
0 0 B 6 1 4 : 
0 0 0 6 1 5 : 
0 0 0 6 1 6 : 
0 0 0 0 1 7 : 
0 0 0 6 1 8 : 
0 0 0 6 1 9 : 
3 0 0 6 2 0 : 
0 0 0 6 2 1 : 
0 0 0 6 2 2 : 
0 0 0 6 2 3 : 
0 0 0 6 2 4 : 
0 0 0 6 2 5 : 
0 0 0 6 2 8 : 
0 0 0 7 4 6 : 
0 0 0 7 4 7 : 
0 0 0 7 5 7 : 
0 0 0 7 5 8 : 
0 0 0 7 5 9 : 
0 0 0 7 6 0 : 
0 0 0 7 6 1 : 
0 0 0 7 6 2 : 
0 0 0 7 6 3 : 
0 0 0 / 6 6 : 
0 0 0 7 6 7 : 
0 0 0 8 9 1 : 
0 0 0 8 9 5 : 
0 0 1 1 9 8 : 
0 0 1 1 9 9 : 
0 0 2 J 2 0 : 
0 0 2 2 2 4 : 
0 0 2 2 2 5 : 
0 0 2 2 2 6 : 
0 0 2 2 2 7 : 
0 0 2 2 2 8 : 
0 0 2 2 2 9 : 
0 0 2 2 3 0 : 
0 0 2 2 3 1 : 
0 0 2 2 3 2 : 
0 0 2 2 3 3 : 
0 0 2 2 3 4 : 
0 0 2 2 3 5 : 
0 0 2 2 3 6 : 
0 0 2 2 3 V : 
0 0 2 2 3 8 : 
0 0 2 2 J 9 : 
0 0 2 2 4 0 : 
0 0 2 2 4 1 : 
0 0 2 2 4 2 : 
0 0 2 2 4 3 : 
0 0 2 2 4 4 : 
0 0 2 2 4 7 : 
0 0 2 2 4 9 : 
0 0 2 2 5 0 : 
0 0 2 2 5 1 : 
0 0 2 2 5 2 : 
0 0 2 2 5 3 : 
0 0 2 2 5 4 : 
0 0 2 2 5 5 : 
0 0 2 2 5 6 : 
0 0 2 2 5 7 : 
0 0 2 2 5 8 : 
0 0 2 2 5 9 : 
0 0 2 2 6 0 : 
0 0 2 2 6 1 : 
0 0 2 2 6 2 : 
0 O 2 2 ( . 3 : 
0 0 2 2 6 4 : 
0 0 2 2 6 5 : 
0 0 2 2 6 6 : 
0 0 2 2 6 7 : 
s a m i m b e r d a t e t i m e f i l e O . D , - 4 2 a c o n d . p H - I l d a c i d i t y 
0 0 0 1 5 2 
0 0 0 1 5 2 
0 0 0 1 5 3 
0 0 0 1 5 4 
0 0 0 0 6 6 
0 0 2 0 0 3 
0 0 2 0 0 4 
0 0 2 0 0 6 
0 0 2 0 0 7 
0 0 2 0 0 7 
(102007 
0 0 2 0 1 4 
0 0 2 0 1 5 , 
0 0 1 0 0 4 
0 0 9 0 0 ] 
0 0 9 0 0 4 
OOyOOS 
0 0 9 0 0 6 
0091107 
0 0 9 / 0 8 
ooyoKS 
0 0 9 J 0 H 
0 0 9 0 0 8 . 
0 0 9 0 0 9 . 
0 0 9 0 0 9 . 
0 0 9 0 1 0 . 
0 0 9 0 1 1 . 
0 0 9 0 1 2 . 
0 0 9 0 1 3 . 
0 0 9 0 1 6 . 
0 0 3 0 1 6 . 
0 0 3 0 1 6 . 
0 0 0 2 1 3 . 
0 0 0 2 1 4 . 
0 0 . ; 2 1 5 . 
0 0 0 2 1 5 . 
O 0 i l 2 l D . 
0 0 0 2 1 6 . 
0 0 0 2 1 7 . 
0 0 0 2 1 8 . 
0 0 0 2 2 0 . 
OHO220. 
0 0 0 2 2 1 . 
0 0 0 1 0 0 . 
0 0 0 1 0 9 . 
B 0 0 1 1 9 . 
0 0 0 1 2 0 . 
0 0 0 1 0 0 . 
0 0 0 1 2 7 . 
0 0 0 1 2 7 . 
0 0 0 1 2 7 . 
0 0 0 1 2 7 . 
0 0 0 1 2 8 . 
0 0 0 1 2 8 . 
0 0 0 1 2 8 . 
0 0 0 1 3 0 . 
0 0 0 1 3 0 . 
0 0 0 1 3 0 . 
0 0 0 1 3 1 . 
0 0 0 1 3 1 . 
0 0 0 1 3 1 . 
. 0 0 0 1 3 2 . 
0 0 0 1 3 2 
0 0 0 1 3 2 
0 0 0 1 3 2 . 
0 0 0 1 3 2 . 
0 0 0 1 3 2 
0 0 0 1 3 2 . 
0 0 0 1 3 3 
0 0 0 1 3 4 . 
0 0 0 1 3 5 . 
0 0 0 1 J 5 . 
0 0 0 1 3 5 . 
0 0 0 1 3 5 . 
000 36 
000 37 
0 0 0 1 3 7 
0 0 0 1 3 7 
0 0 0 1 3 8 . 
0 0 0 1 3 8 . 
0 0 0 1 i G 
0 0 0 1 3 9 . 
0 0 0 1 3 9 . 
01)0139 
0 0 0 1 4 0 . 
0 0 0 1 4 0 . 
0 0 0 1 4 0 . 
0 0 0 1 5 7 . 
0 0 0 1 5 7 . 
10 1 9 7 5 0 8 1 2 1 4 4 0 t : D , 
. 2 0 19750812131OCD, 
1975O8121520CD, 
1 9 7 5 0 8 1 2 1 4 0 0 0 0 , 
197510B8172i !CD, 
1 9 7 5 1 0 0 7 0 9 4 0 C D , 
19751 . iO710OOCa 
1 9 7 5 1 0 0 7 1 2 i i i i C D , 
19751O0714OOCD, 
19751O0713OOCD, 
1 9 7 5 1 O 0 7 i 4 I 5 C D , 
1 9 7 5 U i 0 7 1 o : ) X - D . 
1 9 7 5 1 0 0 7 1 6 0 . C D , 
197711209104500, 
1977050515o ; )CD, 
1 9 7 7 0 5 1 4 1 5 0 0 C D , 
1 9 7 7 0 5 1 5 1 1 3 0 C U 
1 9 7 7 0 5 1 5 i 4 0 0 a ) , 
9770517162OCD, 
45 1 9 7 7 0 6 1 1 1 4 J 0 C D , 
48 1977061116o . )CD, 
50 19770611165OCD, 
52 1 9 7 7 0 6 1 2 1 1 2 i C D , 
20 1 9 7 7 0 6 1 1 1 1 0 0 C D , 
20 1 9 7 7 0 6 1 1 1 1 0 1 C U , 
02 1 9 7 7 0 6 m i 5 0 C D , 
01 1977O612O7O0CD, 
0 1 1 9 7 7 0 6 1 2 0 7 3 0 C U , 
03 1977vlb l2O30OCU, 
99 1 9 7 7 0 6 2 3 1 3 4 5 C U . 
0 1 1 9 7 8 I ! 6 3 0 1 3 0 , ) C D . 
03 1 9 7 8 0 6 3 0 1 31 5 i ;D, 
0 1 l y 7 8 0 5 2 . ) 1 1 0 . 1 < : D , 
2 1 197b05ZO15. '0CD, 
0 1 197a053115. : . !CD, 
; 5 i 9 V . , i o f > o i i 2 o o c i ) . 
15 1 9 7 8 0 6 0 1 l ' . , ! . 10U. 
50 19781:6021 lOOCD. 
0 1 1 9 7 8 0 6 0 2 1 4 0 0 C D . 
0 1 I97 . ' !060311i -1K:D. 
0.1 1 9 7 8 , l t l 5 ! 5 0 0 C D . 
15 1 9 ; H I ! 6 1 5 1 5 3 0 C D . 
05 1 9 7 8 0 6 1 5 1 1 . 0 0 0 0 . 
30 19750,60817-',,!G'.'. 
01 1 9 7 5 0 6 0 8 U . O ^ ) a v . 
0 1 1974;)919192 ,V . "A' . 
01 1 9 7 4 0 9 1 y l 9 3 0 C W . 
30 1 9 7 8 0 3 3 O 1 3 : i i K W . 
0 1 1 9 7 3 0 7 0 4 1 0 3 J C W . 
02 1 9 7 i O 7 O 4 1 0 3 O a v . 
03 l ' J 7 3 0 7 0 4 1 1 0 . I C V . 
04 197307041100CW. 
1 9 7 ) 0 7 0 H 1 0 3 0 C W . 
19730/ 'OaiOSO' .W. 
1 9 7 3 0 7 0 8 1 l l 'OCW. 
1973O7O6103OCW. 
1 9 7 3 0 7 0 6 1 0 3 0 ; W . 
1 9 7 3 0 7 0 h l l O , - J i . 
197307061200CW. 
_ 1 9 7 3 0 7 0 6 1 2 i l O i W . 
03 1 9 7 3 0 7 0 6 1 2 3 . ' ( W . 
0 1 19 73041 O l i i j O U V . 
02 197309101031)011. 
03 l 9 / 3 o y i o i l o i ' a i . 
04 1 9 7 3 0 J 1 0 1 1 0 0 . M . 
05 1 9 7 J 0 ' ) 1 0 U 3 i l C W . 
06 1 9 7 J l ' a 0 1 1 3 0 C W . 
07 1 9 7 3 0 9 1 0 1 2 0 0 O . ' . 
0 1 i M 7 j o ' H 7 i o j o a v . 
03 1 9 7 3 0 ' 1 5 1 1 0.)^V(. 
0 1 I 9 7 3 ; : 7 i a i 0 3 i t v . . 
02 1973. )71HU)30 ' , 'W. 
03 19711)7 S l U l O i W 
04 1 9 7 3 0 7 1 H U l i i K W . 
1 9 7 3 0 ' n i l O j ( : C . V . 
l 9 7 3 i ) ' ) U 1 1 0 0 t W . 
1 9 7 3 0 J 1 1 1 1 0 0 ( , W . 
1973O ' )111130 ;W 
19731; ] l310 iO ' . .V/ 
i 9 7 3 1 O 1 3 L 0 j O C W 
1 9 7 : ! i 0 i 3 1 i 0 o . > 
1 9 / J , ; 9 U 1 2 lOCVi, 
1 9 7 3 0 ' i m 2 to.cw 
1 9 7 3 0 9 1 LiJOOCW, 
1 9 7 U ' n i l l iOLW 
1 9 7 i O ' H 1 1 2 0 0 i X 
1 9 V ) 0 9 I 1 1200<-W 
1973070<.1100CW 
06 1973O7O61130CW. 
. A K 
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0 0 2 3 9 2 
0 0 2 3 9 3 
0 0 2 3 9 4 
0 0 2 3 9 5 
0 0 2 3 9 6 
0 0 2 3 9 7 
0 0 2 3 9 8 
0 0 2 3 9 9 
0 0 2 4 0 0 
0 0 2 4 0 1 
0 0 2 4 0 2 
0 0 2 4 0 3 
0 0 2 4 0 4 
0 0 2 4 0 5 : 
0 0 2 4 0 6 
0 0 2 4 0 7 
0 0 2 4 0 8 
0 0 2 4 0 9 
0 0 2 4 1 0 
0 0 2 4 1 1 
0 0 2 4 1 2 
0 0 2 4 1 3 
0 0 2 4 1 4 
0 0 2 4 1 5 
0 0 2 4 1 6 
0 0 2 4 1 7 
0 0 2 4 1 8 
0 0 2 4 1 9 
0 0 2 4 2 0 
0 0 2 4 2 1 
0 0 2 4 2 2 
0 0 2 4 2 3 
0 0 2 4 2 4 
0 0 2 4 2 5 
0 0 2 4 2 6 
0 0 7 4 2 7 : 
0 0 2 4 2 8 
0 0 2 4 3 1 
0 0 2 4 3 2 ; 
0 0 2 4 3 3 : 
0 0 2 4 3 4 
0 0 2 4 3 5 
0 0 2 4 3 6 
0 0 2 4 3 7 
0 0 2 4 3 8 
0 0 2 4 3 9 
0 0 2 4 4 0 
0 0 2 4 4 1 
0 0 2 4 4 2 
0 0 2 4 4 3 
0 0 2 4 4 4 
0 0 2 4 4 5 
0 0 2 4 4 6 
0 0 2 4 4 7 
0 0 2 4 4 8 
0 0 2 4 4 9 
0 0 2 4 5 0 
0 0 2 4 5 3 
0 0 2 4 5 8 
0 0 2 4 6 3 
0 0 2 4 6 4 
0 0 2 6 6 8 
0 0 2 6 6 9 
0 0 2 6 7 0 
0 0 2 6 7 1 
0 0 2 6 7 7 
0 0 2 6 7 8 
0 0 2 6 7 9 
0 0 2 6 8 0 
0 0 2 6 8 1 
0 0 7 6 8 2 
0 0 2 6 8 3 
0 0 2 6 8 4 
0 0 2 6 8 5 : 
0 0 2 6 8 6 
0 0 2 6 9 1 
8 0 2 6 9 2 
0 0 2 6 9 3 
0 0 2 6 9 4 
0 0 2 6 9 5 
0 0 2 6 9 6 
0 0 2 6 9 7 
0 0 2 6 9 8 
0 0 2 6 9 9 
0 0 2 7 0 0 
M I N i l M U M 
MAXIMUM 
MEAN 
S T D D E V I A T I O N 
s a m u n b e r d a t e t i m e f i l e 
0 0 0 1 2 7 
0 0 0 1 2 7 
0 0 0 1 2 7 
0 0 0 1 2 7 
0 0 0 1 2 7 
0 0 0 1 2 7 
0 0 0 1 2 7 
0 0 0 1 2 7 
0 0 0 1 2 7 
0 0 0 1 2 7 
0 0 0 1 2 7 
0 0 0 1 2 7 
0 0 0 1 2 7 
0 0 0 1 2 7 
0 0 0 1 2 7 
0 0 0 1 2 7 
0 0 0 1 2 7 , 
0 0 0 1 2 7 
0 0 0 1 2 7 
0 0 0 1 2 7 
0 0 0 1 2 7 
0 0 0 1 2 7 . 
0 0 0 1 2 7 . 
0 0 0 1 2 7 . 
0 0 0 1 2 7 . 
0 0 0 1 2 7 . 
0 0 0 1 2 7 . 
0 0 0 1 2 7 . 
0 0 0 1 2 7 . 
0 0 0 1 2 7 . 
0 0 0 1 2 7 . 
0 0 0 1 2 7 . 
0 0 0 1 2 7 . 
0 0 0 1 2 7 . 
0 0 0 1 2 7 . 
0 0 0 1 2 7 . 
0 0 0 1 2 7 . 
0 0 0 1 2 7 . 
0 0 0 1 2 7 . 
0 0 0 1 2 7 . 
0 0 0 1 2 7 . 
0 0 0 1 2 7 . 
0 0 0 1 2 7 . 
0 0 0 1 2 7 , 
0 0 0 1 2 7 . 
0 0 0 1 2 7 , 
0 0 0 1 2 7 , 
0 0 0 1 2 7 , 
0 0 0 1 2 7 , 
0 0 0 1 2 7 , 
0 0 0 1 2 7 , 
0 0 0 1 2 7 . 
0 0 0 1 2 7 . 
0 0 0 1 2 7 . 
0 0 0 1 2 7 . 
0 0 0 1 2 7 . 
0 0 0 1 2 7 , 
0 0 0 1 2 7 , 
0 0 0 1 2 7 . 
0 0 0 1 2 7 . 
0 0 0 1 2 7 . 
0 0 0 1 2 7 . 
0 0 0 1 2 7 . 
0 0 0 1 2 7 . 
0 0 0 1 2 7 . 
0 0 0 1 2 7 . 
0 0 0 0 2 2 . 
0 0 0 0 2 2 . 
0 0 0 0 2 2 
0 0 0 0 2 2 . 
0 0 0 1 2 7 . 
0 0 8 1 2 7 . 
0 0 0 1 2 7 . 
0 0 0 1 2 7 . 
0 0 0 1 2 7 . 
0 0 8 1 2 7 . 
0 0 0 1 2 7 . 
0 0 0 1 2 7 . 
0 0 0 1 2 7 . 
0 0 0 1 2 7 
0 0 0 1 2 7 
0 0 0 1 2 7 . 
0 0 0 1 2 7 . 
0 0 0 1 2 7 
0 0 0 1 2 7 . 
0 0 0 1 2 7 . 
0 0 0 1 2 " 
0 0 0 1 2 7 . 
0 0 0 1 2 7 . 
0 0 0 1 2 7 
0 1 197301241030CW 
0 1 197304111O3OCV(, 
0 1 197312061O3OCW 
02 197301241O3OCVI, 
02 19730411103OCW, 
. 0 2 1 9 7 3 0 7 2 5 1 0 3 O C W , 
. 0 2 197312161030CW 
, 0 2 19740422103OCW, 
. 0 3 1 9 7 3 0 4 1 1 1 0 3 O C W 
. 0 3 1 9 7 3 0 7 2 5 1 0 3 O C V J 
. 0 3 1 9 7 3 1 2 O 6 1 0 3 O C W 
. 0 3 1974O1241O30CW 
03 197404221030CW 
03 197408131030CW 
. 0 3 1 9 7 4 i e i 4 1 0 3 O C W 
. 0 3 1975O118103OCW 
03 19750314 iO30CW, 
. 0 4 1973012411OOCW, 
, 0 4 197304111100CV/, 
. 0 4 19730725110OCW, 
.04 1 9 7 3 1 2 0 6 1 1 O o a v . 








05 19740422110 i lCW. 





IH5 1 9 7 3 1 2 0 6 1 l O i K W . 
06 197404221100CW, 
08 1 9 7 3 0 1 2 4 U 3 0 C W . 
08 1 9 7 3 0 4 1 U 1 3 . i C W . 
08 197307251130CW. 
08 1973120611J , ;CW. 
08 19740422113 . )CW. 
08 197501181130CV/ . 
08 1 9 7 5 0 3 1 4 1 1 3 0 C W . 
10 197301241130CW. 
10 1 9 7 3 0 4 1 U 1 3 0 C V I . 
10 197J07251130CW. 
10 197312061130CW. 
10 ly74 , l422113, lC ' 'W. 
10 1 9 7 4 0 8 1 3 130CW. 
10 197410141130CW. 
10 197501181130CW. 
10 1 9 7 5 0 3 1 4 1 1 . 3 0 a v . 
1 1 1 9 7 3 0 1 7 4 1 2 0 i l C V I . 
1 1 1973041112OOCW. 
1 1 197307251200CW. 
1 1 197312O6120OCW. 
.1 19740422120OCVi, 
.1 19740813120i lC 'W. 
.1 19741014120.1CW 
1 197501181200CW 
1 1 9 7 5 0 3 1 4 1 2 0 0 a i l 
2 1973O725120OCVI. 
3 1973O7251230CW. 
3 19750118123. ICW 
13 197503141230CV( 
0 1 197303011400CW 
0 1 1973063013O0CW. 
0 1 1973101O13OOCW. 




07 197307251f l30CW 
07 1 9 7 t l 7 0 h l O 3 0 C W 
09 1 9 7 3 0 1 2 4 1 0 3 0 < V I . 
09 197304111030CV(, 
09 1 9 7 3 0 4 2 2 1 0 3 O a v . 
09 1 9 7 3 0 7 2 5 i 0 3 O ' J W . 
09 1 9 7 3 1 7 0 b l 0 3 W C W . 
02 1 9 7 2 1 0 2 3 1 1 0 0 C W , 
03 1 9 7 2 1 0 2 3 1 1 0 0 C W , 
04 1 9 7 2 1 0 2 3 1 1 0 0 ; j - i . 
05 197210231100C-W 




10 1 9 7 2 1 0 2 3 1 1 0 0 0 ^ 





. B B A 
BBA 





















































































0 . 4 9 0 0 
0 . 5 0 0 0 
0 . 5 2 0 0 
0 . 4 7 0 0 
0 , 4 5 0 0 
0 , 4 2 0 0 
0 , 5 1 0 0 
0 , 5 1 0 0 
0 . 4 2 0 0 
0 . 2 6 0 0 
0 . 5 2 0 0 
0 . 4 9 0 0 
0 . 5 0 0 0 
0 . 6 3 0 0 
0 . 5 1 0 0 
0 . 4 6 0 0 
0 . 5 2 0 0 
0 . 4 9 0 8 
0 . 4 2 0 0 
0 . 2 6 0 0 
0 . 5 2 0 0 
3 . 5 0 0 0 
0 . 3 6 0 0 
0 . 4 4 0 0 
C .5O03 
0 . 4 5 0 0 
0 . 4 1 0 0 
0 . 2 0 0 0 
0 . 5 1 0 0 
0 . 4 9 0 0 
0 . 3 2 0 0 
0 . 4 3 0 0 
0 . 4 9 0 0 
0 . 4 0 0 0 
0 , 2 1 0 0 
0 . 5 0 0 0 
0 . 4 9 0 0 
0 . 3 6 0 3 
0 . 2 1 0 0 < 
0 . 1 8 0 0 
0 . 3600 
0 , 2 9 0 0 
0 , 4 3 0 0 
0 . 3 9 0 0 
0 . 3 6 0 0 
0 . 2 1 0 0 < . 
0 . 1 4 0 0 
0 . 3 6 0 3 
0 , 2 0 0 0 
0 , 2 5 0 0 
0 . 0 7 0 0 
0 . 4 3 0 0 
0 . 3 7 0 0 
0 . 3 0 0 0 
0 , 1 7 0 0 
0 . 1 0 0 0 
0 . 0 5 0 0 
0 . 1 7 0 0 
8 . 1 2 0 0 
0 . 0 5 0 3 
0 . 2 7 0 0 
0 . 2 6 0 0 
0 . 0 9 0 0 
0 . 0 0 4 0 
0 . 1 8 0 0 
0 . 1 8 0 0 
0 . 3 7 0 8 
0 . 2 7 0 0 
0 . 2 2 0 0 
0 . 1 6 0 0 
0 . 4 9 0 0 
0 . 3 4 0 0 
0 . 2 2 0 0 
0 . 2 1 0 0 
0 . 1 3 0 0 
0 . 3 7 0 0 
0 . 4 3 0 0 
0 . 4 2 0 0 
0 . 4 2 0 0 
0 . 4 2 0 0 
0 . 4 1 0 0 
0 . 3 6 0 0 
0 . 4 0 0 0 
3 . 4 0 0 0 
0 . 4 1 0 0 
0 . 3 0 0 0 
5 0 . 4 0 0 0 
1 . 8 8 4 1 
4 . 1 7 4 1 
PO4-P 
0 . 4 2 0 0 
0 . 3 8 0 0 
0 . 1 0 0 0 
0 . 4 1 0 0 
0 . 3 7 0 0 
0 . 4 6 0 0 
0 . 0 7 5 0 
0 . 8 1 2 0 
0 . 3 9 0 0 
0 . 3 9 0 0 
0 . 0 8 0 0 
0 . 4 1 0 0 
0 . 1 0 0 0 
0 . 2 4 0 0 
0 . 3 2 0 0 
0 . 1 2 0 0 
0 . 1 4 0 0 
0 . 0 9 0 0 
0 . 0 5 0 0 
0 . 3 5 0 0 
0 . 0 7 0 0 
0 . 1 0 0 0 
0 . 8 8 0 0 
0 . 1 8 0 0 
0 . 3 3 0 0 
0 . 1 1 0 0 
0 . 4 0 0 0 
8 . 1 7 0 8 
0 . 0 3 0 0 
0 . 1 0 0 0 
0 . 0 5 0 0 
0 . 1 9 0 0 
0 . 4 1 0 0 
0 . 1 0 0 0 
0 . 0 4 0 0 
0 . 0 3 0 0 
0 . 0 8 0 0 
0 . 0 3 0 0 
01 
0 . 0 2 0 0 
0 . 0 3 0 0 
0 . 8 3 0 0 
0 . 3 0 0 0 
0 . 1 6 0 3 
0 . 0 4 3 0 
0 1 
0 . 0 4 2 0 
0 . 0 1 0 0 
0 . 0 2 0 0 
0 . 2 3 3 0 
0 . 2 0 0 0 
0 . 1 9 0 0 
0 . 1 2 0 0 
0 . 0 2 0 0 
0 . 8 1 0 0 
0 . 0 3 5 0 
0 . 1 5 0 0 
0 . 0 1 0 3 
0 . 1 3 0 0 
0 . 2 5 0 0 
0 . 0 5 0 0 
0 . 1 8 0 0 
0 . 0 2 0 0 
0 . 0 1 0 0 
0 . 0 6 0 8 
0 . 0 2 0 0 
0 . 2 4 5 8 
0 . 4 0 2 3 
8 . 2 0 2 0 
0 . 1 0 0 0 
0 . 3 1 0 0 
0 . 2 1 0 0 
0 . 2 3 0 0 
0 . 0 5 0 0 
0 . 0 1 0 0 
0 . 0 2 0 0 
0 1 
0 . 0 2 0 0 
0 . 0 4 0 0 
0 . 0 1 0 8 
HH4-N 
0 . 2 4 0 0 
0 . 2 7 0 0 
2 . 3 0 0 0 
0 . 2 1 0 0 
0 . 5 5 0 0 
0 . 4 6 0 0 
1 . 5 0 0 0 
0 . 2 9 0 0 
8 . 2 6 0 0 
3 . 3 3 0 0 
1 . 5 0 0 0 
0 . 2 0 0 0 
0 . 2 3 0 0 
0 . 1 2 0 0 
0 . 7 0 0 0 
0 . 6 0 0 0 
0 . 5 6 0 0 
0 , 2 4 0 0 
0 . 4 0 0 3 
8 , 3 6 0 0 
0 , 8 5 0 0 
0 , 1 0 0 3 
1 . 8 0 0 0 
8 , 5 8 0 0 
0 . 7 0 0 0 
0 . 5 6 0 0 
0 . 3400 
0 . 3 3 0 0 
0 . 7 0 0 0 
0 . 1 1 0 0 
0 . 8 0 0 0 
0 . 8 2 0 0 
0 . 4 0 0 0 
0 . 1 9 0 0 
0 , 3400 
0 . 8 0 0 0 
0 , 1 0 0 0 
0 , 1 3 0 0 
0 . 3 7 0 0 
0 . 6 0 0 0 
0 , 3 1 0 0 
0 . 2 4 0 0 
8 . 6 5 0 0 
0 . 4 5 0 0 
3 . 3 1 0 0 
0 , 3 7 0 0 
0 . 3 8 0 0 
0 . 9 0 0 0 
8 . 4 5 0 0 
1 . 0 5 0 0 
0 . 4 1 0 0 
0 . 6 5 0 0 
0 . 6 3 0 8 
0 . 3 2 0 0 
0 , 1 6 0 0 
0 . 3 3 0 0 
0 . 9 0 0 3 
0 . 3 1 0 0 
0 , 8 5 0 0 
0 , 5 4 0 0 
0 , 7 1 0 0 
0 , 7 3 0 0 
0 . 7 0 3 0 
0 . 4 4 0 0 
0 . 6 2 0 0 
0 . 2 5 0 0 
0 . 2 8 0 0 < 0 
0 . 3 4 0 0 < 0 
0 . 4 0 3 0 < 0 
2 . 3 0 0 0 
0 . 1 8 0 0 
< . 0 5 
0 . 1 6 0 0 
0 . 2 8 0 0 
0 . 7 0 0 0 
0 . 1 2 0 0 
0 . 2 1 0 0 
0 . 2 4 0 3 
0 . 2 6 0 0 
1 . 0 0 0 0 
NO3-N SO4-S 
0 . 2 8 0 0 
0 . 2 7 0 0 
0 . 7 5 0 0 
0 , 1 5 0 0 
0 , 2 3 0 0 
0 . 1 5 0 0 
0 . 7 5 0 0 
0 , 6 0 0 0 
0 . 2 6 0 0 
0 , 1 3 0 0 
8 , 9 0 0 0 
0 , 1 0 0 0 
0 , 4 1 0 0 
0 , 5 5 0 0 
0 , 3 0 0 0 
0 , 7 0 0 0 
0 . 4 6 0 0 
0 . 1 5 0 0 
3 , 2 9 0 0 
8 . 0 8 8 3 
0 . 2 5 0 0 
0 . 2 1 0 0 
0 . 2 2 0 0 
3 . 5 5 0 0 
0 . 3 1 0 0 
3 , 6 5 0 0 
0 . 1 0 0 0 
0 . 0 5 0 0 
1 . 0 0 0 0 
0 . 1 8 0 0 
0 . 2 3 0 0 
0 . 3 2 0 0 
0 . 3 8 0 0 
0 . 0 7 0 0 
3 . 0 5 0 0 
1 . 0 8 0 0 
0 . 1 2 0 0 
3 . 5 1 8 3 
1 . 8 6 0 0 
8 . 2 6 0 0 
0 . 8 7 0 0 
0 . 9 2 0 0 
0 . 3 0 3 3 
0 . 2 2 0 0 
0 . 4 1 0 0 
1 . 8 6 0 0 
0 . 1 3 0 0 
3 . 2 0 0 8 
0 . 9 8 0 0 
0 , 3 2 0 0 
0 . 5 4 0 0 
3 , 7 5 0 0 
0 . 4 3 0 0 
0 . 4 7 0 3 
1 . 4 4 0 0 
0 . 0 8 0 0 
2 . 5 0 0 0 
1 . 1 0 0 0 
0 . 4 6 0 0 
0 . 6 1 0 0 
0 . 6 0 0 0 
0 . 5 0 0 0 
0 , 0 5 0 0 
0 , 0 5 0 0 
0 , 7 0 0 0 
0 . 6 0 0 0 
.40 
.40 
0 . 7 5 0 0 
0 . 1 8 0 3 
0 , 2 2 0 0 
0 . 1 2 0 0 
0 . 1 0 0 0 
0 . 9 5 0 0 
0 . 5 2 0 0 
1 . 0 9 0 0 
0 , 8 6 0 0 
4 5 0 , 0 0 0 
4 4 0 . 0 0 0 
4 2 8 . 8 0 0 
4 5 2 . 0 0 0 
4 4 3 . 0 0 0 
4 0 0 . 0 0 0 
4 1 0 . 0 0 0 
4 2 0 . 0 0 0 
4 4 5 . 0 0 0 
3 7 1 , 0 0 0 
3 9 0 . 0 0 0 
4 5 1 . 0 0 0 
4 3 0 , 0 0 0 
6 2 0 , 0 0 0 
4 9 5 , 0 0 0 
4 8 0 , 0 0 0 
4 5 5 . 0 0 0 
4 5 0 . 0 0 0 
4 4 0 , 0 0 3 
3 8 5 . 0 0 0 
4 0 0 , 0 0 0 
3 8 9 . 0 0 0 
4 4 0 . 0 0 0 
5 7 7 . 0 0 0 
4 6 5 . 0 0 0 
4 4 5 , 0 0 0 
4 4 0 , 0 0 0 
3 8 5 , 0 0 0 
3 9 0 , 0 0 0 
3 8 0 , 0 0 0 
4 3 0 . 0 0 0 
5 0 0 , 0 0 0 
4 1 2 , 0 0 0 
4 2 9 . 0 0 0 
3 8 9 . 0 0 0 
4 0 1 . 0 0 0 
3 3 0 . 0 0 0 
5 1 0 . 0 0 0 
4 9 5 . 0 0 0 
5 2 0 . 0 0 0 
5 0 0 , 0 0 0 
5 1 0 , 0 0 0 
4 1 0 , 0 0 0 
3 0 2 . 0 0 0 
4 9 5 . 0 0 0 
5 4 0 . 0 0 0 
4 1 3 . 0 0 0 
4 2 0 . 0 0 0 
4 2 5 . 0 0 0 
6 4 4 . 0 0 0 
5 9 0 . 0 0 0 
4 9 5 . 0 0 0 
3 0 1 . 0 0 0 
5 3 2 . 0 0 0 
2 9 1 . 0 0 0 
4 0 0 . 0 0 0 
3 2 0 . 0 0 0 
3 6 5 . 0 0 0 
3 8 8 . 0 0 0 
3 3 0 . 0 0 0 
3 0 1 . 0 0 0 
4 2 0 . 0 0 0 
3 0 4 . 0 0 0 
2 7 5 . 0 0 0 
3 0 2 . 0 0 0 
1 7 0 . 3 0 0 
4 6 1 . 0 0 0 
3 5 7 . 0 0 0 
3 8 2 . 0 0 0 
3 9 3 . 0 0 0 
5 6 7 . 0 0 0 
5 5 5 . 0 0 0 
4 1 0 . 0 0 0 
3 8 5 . 0 0 0 
a 
2 5 . 0 0 0 0 
2 4 . 1 0 0 0 
2 2 . 5 0 0 0 
2 4 . 0 0 0 0 
4 0 . 0 0 0 0 
1 9 . 8 0 0 0 
1 5 . 0 0 0 0 
2 0 . 1 0 0 8 
2 5 . 5 0 0 0 
2 6 . 8 0 0 0 
1 7 . 5 0 0 0 
2 3 . 0 0 0 0 
1 4 . 2 0 0 0 
2 9 . 8 0 0 0 
1 9 . 5 0 0 0 
2 0 . 1 0 0 0 
2 2 . 1 0 0 0 
2 3 . 0 0 0 0 
3 5 . 5 0 0 0 
3 2 . 5 0 0 0 
1 6 . 8 0 0 0 
1 4 . 1 0 0 0 
1 9 . 3 0 0 0 
1 7 . 2 0 0 0 
1 2 . 5 0 0 0 
1 8 . 2 0 0 0 
2 5 . 5 i ) 0 0 
2 4 . 8 0 0 0 
1 7 . 5 0 0 0 
1 4 . 0 0 0 0 
6 , 8 0 0 0 
9 , 3 0 0 0 
2 , 5 0 0 0 
2 5 . 0 0 0 0 
2 6 , 8 0 0 0 
2 7 . 5 0 0 0 
1 4 . 0 0 0 0 
2 1 . 0 0 0 0 
3 5 . 0 0 0 0 
4 6 , 2 0 0 0 
2 0 , 0 0 0 0 
3 7 . 0 0 0 0 
2 4 . 5 0 0 0 
2 6 . 8 0 0 0 
2 6 . 0 0 0 0 
3 5 . 0 0 0 0 
2 5 . 0 0 0 0 
2 2 . 0 0 0 0 
3 3 . 0 0 0 0 
3 1 . 0 0 0 0 
3 2 . 0 0 0 0 
2 8 . 3 0 0 0 
2 6 . 4 0 0 0 
2 5 , 0 0 0 0 
2 6 , 0 0 0 0 
2 1 . 0 0 0 0 
1 7 . 5 0 0 0 
2 8 . 5 0 0 0 
2 9 . 1 0 0 0 
2 4 . 3 0 0 0 
2 5 . 3 0 0 0 
2 6 . 4 0 0 0 
2 9 . 4 0 0 0 
2 7 . 2 0 0 0 
2 3 . 3 0 0 0 
2 0 . 1 8 0 0 
2 2 . 1 8 8 0 
2 0 . 2 0 0 0 
2 7 . 3 0 0 0 
2 0 . 0 0 0 0 
2 2 . 0 0 0 0 
5 5 . 0 0 0 0 
4 1 , 0 0 0 0 
1 8 , 9 0 0 0 
3 0 , 0 0 0 0 
2 3 , 0 0 0 0 
3 0 , 0 0 0 0 
3 0 , 0 0 0 0 
2 2 . 0 0 0 0 
2 0 . 0 0 0 0 
2 5 . 3 0 0 0 
2 4 . 3 0 0 0 
S i 
5 3 . 0 0 0 0 
4 2 . 0 0 0 0 
6 1 . 5 0 0 0 
5 4 . 0 0 0 0 
4 1 , 0 0 0 0 
3 6 . 0 0 0 0 
5 0 . 0 0 0 0 
5 1 , 4 0 0 0 
4 0 , 0 0 0 0 
3 5 , 0 0 0 0 
5 2 . 8 8 0 0 
5 2 . 0 0 0 0 
4 8 . 2 0 0 0 
3 7 . 5 0 0 0 
2 9 , 5 0 0 0 
3 3 . 5 » ) 0 3 
3 8 . 6 0 0 0 
5 1 , 0 0 0 0 
4 8 , 5 8 0 0 
3 5 , 0 0 0 3 
5 1 , 0 0 0 0 
5 7 , 0 0 0 0 
3 1 . 0 0 0 3 
2 7 . 0 0 0 0 
3 4 . 1 0 0 0 
3 3 , 5 0 0 0 
3 4 , 5 0 3 0 
3 6 . 0 0 0 0 
3 9 , 5 0 0 3 
5 6 , 0 0 0 3 
5 2 . 1 0 0 0 
2 4 . 0 0 0 0 
3 4 . 5 0 0 0 
3 5 . 5 0 0 0 
3 7 . 0 0 0 0 
3 9 . 0 0 0 0 
5 6 . 0 0 0 0 
3 4 . 0 0 0 0 
2 0 , 0 0 0 0 
3 3 . 5 i ) 0 O 
1 8 . 0 0 0 0 
2 2 . 0 0 0 0 
3 1 . 5 0 0 0 
3 1 . 0 0 0 0 
2 0 , 0 0 0 0 
2 0 , 0 0 0 0 
3 3 . 0 0 0 0 
1 3 . 5 0 0 0 
1 6 , 0 0 0 0 
1 2 . 4 0 0 0 
1 4 . 3 0 0 0 
1 6 , 0 0 0 3 
1 6 . 8 0 0 0 
2 2 . 0 0 0 0 
8 . 5 0 0 0 
2 2 . 0 0 0 0 
1 1 . 0 0 0 3 
1 5 . 2 0 0 0 
9 . 9 0 0 0 
1 2 . 4 0 0 0 
1 1 . 3 0 0 0 
1 4 . 0 0 0 0 
1 9 . 1 0 0 0 
1 5 . 0 0 0 0 
8 . 1 0 0 0 
1 0 . 2 0 0 0 
4 2 . 0 0 0 0 
3 9 . 5 9 0 0 
3 8 . 0 0 0 0 
6 1 . 5 0 0 0 
5 3 . 0 0 0 3 
1 5 . 5 0 0 0 
1 8 . 5 0 0 0 
3 8 . 0 0 0 3 
3 8 . 0 0 0 0 
2 1 . 0 0 0 0 
1 9 . 5 0 0 0 
1 4 . 0 0 0 0 
2 9 . 0 0 0 3 
1 3 . 5 0 0 0 
3 2 . 0 0 0 0 
3 1 . 5 0 0 0 
Oj-satn 
6 0 . 0 0 
6 5 . 0 0 
6 3 . 0 0 
8 5 . 0 0 
8 6 . 0 0 
9 5 . 0 0 
8 5 . 0 0 
8 5 . 0 0 
8 5 . 0 0 
9 2 . 0 0 
8 6 . 8 0 
8 6 . 0 3 
8 5 . 8 3 
8 7 . 8 3 
8 3 . 0 0 
8 5 . 0 0 
8 9 . 0 0 
8 6 . 0 0 
8 6 . 0 0 
7 0 . 0 0 
8 0 . 0 0 
8 4 . 0 0 
8 4 . 0 3 
8 8 . 0 0 
8 7 . 0 0 
8 8 . 0 0 
8 7 . 0 0 
8 5 . 0 0 
8 4 . 0 0 
8 5 . 0 3 
8 1 . 0 0 
8 2 . 0 0 
8 4 . 0 0 
9 1 . 0 0 
9 5 . 0 0 
8 5 . 8 0 
8 4 . 0 3 
8 2 . 0 0 
9 3 . 0 0 
8 5 . 0 0 
8 3 . 0 0 
8 4 . 0 0 
8 5 . 0 0 
8 6 . 0 0 
8 5 . 0 0 
8 2 . 0 0 
4 3 . 0 0 
8 5 . 0 0 
8 4 . 0 0 
7 8 . 0 0 
8 2 . 0 0 
8 4 . 0 0 
8 7 . 0 0 
8 8 . 0 0 
8 5 . 0 0 
9 0 . 0 0 
8 4 . 0 0 
8 8 . 0 0 
8 0 . 0 0 
8 7 . 0 0 
8 4 . 0 0 
9 5 . 0 0 
8 8 . 0 0 
9 3 . 0 0 
8 2 . 0 0 
9 8 . 0 0 
8 0 . 0 0 
8 6 . 0 0 
8 7 . 0 0 
8 0 . 0 0 
8 5 . 0 0 
9 0 . 0 0 
8 4 . 0 0 
0 . 8 1 0 0 
7 6 . 0 0 0 0 
0 . 9 3 4 6 
5 . 9 4 3 0 
1 0 . 8 0 0 0 
1 . 3 4 7 7 
1 . 7 8 4 1 
0 , 0 5 0 0 0 , 8 4 0 
4 . 0 0 0 0 8 5 8 0 . 0 0 0 
0 . 6 2 8 5 1 2 5 6 , 3 9 9 
0 , 6 0 5 1 1 3 6 5 . 9 7 0 
1 0 . 5 t ) 0 0 
1 8 0 0 , 0 0 0 0 
4 9 . 30 38 
1 2 1 . 5 1 5 2 
0 . 5 0 0 0 
1 1 4 . 0 0 0 0 
3 3 , 6 0 5 4 
1 9 . 3 8 3 4 
0 . 0 0 
1 0 6 . 0 0 
7 6 . 5 3 
2 0 . 0 7 
s t a c k I s p H - f l d <= 4 . 0 ( 269 d a t a s e t ) S h e e t D . l 
s e r i d 
0 0 0 4 5 6 
0 0 0 4 5 7 
0 0 0 4 5 8 
0 0 0 4 5 9 
0 0 0 4 9 2 
0 0 0 4 9 3 
0 0 0 4 9 4 
0 0 0 4 9 5 
0 0 0 4 9 6 
0 0 0 4 9 7 
0 0 0 4 9 8 
0 0 0 5 0 5 
0 0 0 5 0 6 
0 0 0 6 0 5 
0 0 0 6 0 8 
0 0 0 5 1 2 
0 0 0 5 1 3 
0 0 0 6 1 4 
0 0 0 6 1 5 
0 0 0 6 1 6 
0 0 0 6 1 7 
0 0 0 6 1 8 
0 0 0 5 1 9 : 
0 0 0 6 2 0 
0 0 0 6 2 1 
0 0 0 6 2 2 
0 0 0 5 2 3 
0 0 0 5 2 4 
0 0 0 5 2 5 
0 0 0 6 2 8 
0 0 0 7 4 6 
0 0 0 7 4 7 
0 0 0 7 5 7 
0 0 0 7 5 8 
0 0 0 7 5 9 
0 0 0 7 6 0 
0 0 0 7 6 1 
0 0 0 7 6 2 
0 0 0 7 6 3 
0 0 0 7 5 4 
0 0 0 7 6 5 
0 0 0 7 6 5 
0 0 0 7 6 7 
0 0 0 8 9 1 
0 0 0 8 9 5 
0 0 1 1 9 8 
0 0 1 1 9 9 
0 0 2 ) 2 0 
0 0 2 2 2 4 
0 0 2 2 2 5 
0 0 2 2 2 6 
0 0 2 2 2 7 
0 0 2 2 2 8 
0 0 2 2 2 9 
0 0 2 2 3 0 
0 0 2 2 3 1 
0 0 2 2 3 2 
0 0 2 2 3 3 
0 0 2 2 3 4 
0 0 2 2 3 5 
0 0 2 2 3 6 
0 0 2 2 3 7 
0 0 2 2 3 8 
0 0 2 2 3 9 
0 0 2 2 4 0 
0 0 2 2 4 1 
0 0 2 2 4 2 
0 0 2 2 4 3 
0 0 2 2 4 4 
0 0 2 2 4 7 
0 0 2 2 4 9 
0 0 2 2 5 0 
0 0 2 2 5 1 
0 0 2 2 5 2 
0 0 2 2 5 3 
0 0 2 2 5 4 
0 0 2 2 5 5 
0 0 2 2 5 6 
0 0 2 2 5 7 
0 0 2 2 5 3 
0 0 2 2 5 9 
0 0 2 2 5 0 
0 0 2 2 5 1 
0 0 2 2 5 2 
0 0 2 2 5 3 
0 0 2 2 6 4 
0 0 2 2 6 5 
0 0 2 2 6 6 
0 0 2 2 6 7 
s a m u n b e r d a t e t i j n e f i l e 
0 0 0 1 5 2 
0 0 0 1 5 2 
0 0 0 1 5 3 
0 0 0 1 5 4 
0 0 0 0 6 6 
0 0 2 0 0 3 
0 0 2 0 0 4 
0 0 2 0 0 6 
0 0 2 0 0 7 
0 0 2 0 0 7 
0 0 2 0 0 7 
0 0 2 0 1 4 
0 0 2 0 1 5 
0 0 1 0 0 4 
0 0 9 0 0 1 
0 0 9 0 0 4 
0 0 9 0 0 5 
0 0 9 0 0 6 
0 0 9 0 0 7 
0 0 9 0 0 3 
0 0 9 0 0 8 , 
0 0 9 0 0 8 
0 0 9 0 0 8 , 
0 0 9 0 0 9 , 
3 0 9 0 0 9 , 
0 0 9 0 1 0 , 
0 0 9 0 1 1 
0 0 9 0 1 2 , 
P 0 9 0 1 3 , 
0 0 9 0 1 6 , 
0 0 3 0 1 6 , 
0 0 3 0 1 6 , 
0 0 0 2 1 3 . 
0 0 0 2 1 4 . 
0 0 0 2 1 5 . 
0 0 0 2 1 5 , 
0 0 0 2 1 6 . 
0 0 0 2 1 6 . 
0 0 0 2 1 7 . 
0 0 0 2 1 8 . 
0 0 0 2 2 0 , 
0 0 0 2 2 0 , 
0 0 0 2 2 1 , 
0 0 0 1 0 0 . 
0 0 0 1 0 9 . 
0 0 0 1 1 9 . 
0 0 0 1 2 0 . 
0 0 0 1 0 0 , 
0 0 0 1 2 7 , 
0 0 0 1 2 7 . 
0 0 0 1 2 7 , 
0 0 0 1 2 7 , 
0 0 0 1 2 8 , 
0 0 0 1 2 8 . 
0 0 0 1 2 8 , 
0 0 0 1 3 0 , 
0 0 0 1 3 0 . 
0 0 0 1 3 0 , 
0 0 0 1 3 1 . 
0 0 0 1 3 1 . 
0 0 0 1 3 1 . 
0 0 0 1 3 2 . 
0 0 0 1 3 2 . 
0 0 0 1 3 2 . 
0 0 0 1 3 2 . 
0 0 0 1 3 2 . 
0 0 0 1 3 2 
0 0 0 1 3 2 
0 0 0 1 3 3 . 
0 0 3 1 3 4 
0 0 0 1 3 5 
0 0 0 1 3 5 
0 0 0 1 3 5 
0 0 0 1 3 5 
0 0 0 1 3 6 
0 0 0 1 3 7 
0 0 0 1 3 7 
0 0 0 1 3 7 . 
0 0 0 1 3 8 , 
0 0 0 1 3 8 
0 0 0 1 3 8 
0 0 0 1 3 9 
0 0 0 1 3 9 , 
0 0 0 1 3 9 , 
0 0 0 1 4 0 , 
0 0 0 1 4 0 , 
0 0 0 1 4 0 
0 0 0 1 5 7 
0 0 0 1 5 7 
. 1 0 1 9 7 5 0 8 1 2 1 4 4 0 C D , 
, 2 0 9 7 5 0 8 1 2 1 3 1 0 0 0 , 
, 0 1 9 7 5 0 8 1 2 1 5 2 0 C U , 
. 0 1 9 7 5 0 8 1 2 4,100D, 
. 0 1 1 9 7 5 1 0 0 8 1 7 2 0 C D , 
, 0 1 19751OO7094OOD. 
, 0 1 1975111071OO.)CD, 
0 1 1 9 7 5 1 3 0 7 1 2 0 0 C D , 
0 1 19751O0714OOCD 
.02 1975100713OOCD, 
.03 1 9 7 5 1 0 0 7 1 4 1 5 C D , 
0 1 1 9 7 5 1 0 0 7 1 0 3 0 C D 
,10 197510071601100, 
0 1 1 9 7 7 O 2 0 9 1 O 4 5 C a 
, 0 1 1 9 7 7 0 5 0 5 1 5 0 0 0 D , 
, 0 1 1977051415OOOD, 
, 0 1 1 9 7 7 0 5 1 5 1 1 3 0 C D , 
0 1 1 9 7 7 0 5 1 5 1 4 0 0 O D , 
10 9770517152OOD, 
45 9 7 7 0 6 1 1 1 4 0 0 0 0 , 
48 1977O511160OCD, 
50 1977O5111550OD, 
52 1 9 7 7 0 6 1 2 1 1 2 0 0 D . 
20 1 9 7 7 0 6 1 1 1 1 0 0 C D . 
20 1 9 7 7 0 6 1 1 1 1 0 1 C D , 
0 2 1 9 7 7 0 6 1 1 1 1 5 0 0 0 , 
0 1 1977O6120700CO, 
0 1 1977O512073OCD. 
03 1977O512O800CD, 
99 1 9 7 7 0 6 2 3 1 3 4 5 O D . 
0 1 1 9 7 8 0 5 3 0 1 3 0 0 O D , 
03 197aO5301315CD, 
0 1 1 9 7 8 0 5 2 0 1 1 0 0 C D , 
2 1 1 9 7 8 0 5 2 J 1 5 0 0 C O . 
0 1 1 9 7 8 0 5 3 1 1 5 0 0 C D . 
15 1 9 7 8 3 6 0 1 1 2 0 0 0 0 , 
15 1 9 7 8 0 6 0 1 50.)OO. 
50 1 9 7 8 0 5 0 2 lOOOD. 
0 1 1978050214OOCD. 
0 1 1 9 7 8 0 6 0 3 1 1 0 O C D . 
03 1 9 7 8 0 6 1 5 1 5 0 ; ) O D . 
15 1 9 7 8 0 6 1 5 1 5 3 0 0 0 . 
05 1 9 7 8 0 6 1 5 1 6 0 0 O D . 
30 1 9 7 5 0 6 0 8 1 7 4 0 0 W . 
0 1 1 9 7 5 0 5 0 3 1 8 0 5 ™ . 
0 1 1 9 7 4 0 9 1 9 1 9 : ' 0 ™ . 
0 1 1 9 7 4 0 9 1 9 1 9 3 0 ™ . 
30 978 0 3 S0133.1O'W. 
0 1 9 7 3 . ) 7 0 4 1 0 3 , ) ™ . 
0 2 1 9 7 3 0 7 0 4 1 0 3 0 ™ . 
03 1 9 7 3 0 7 0 4 1 1 0 0 < V ( . 
04 197307041100OW. 
0 1 19730708103, lOi .V. 
02 1 9 7 3 0 7 0 8 1 0 3 0 ™ . 
03 1973O7O8110OOW. 
0 1 1973O7O5103OC.V. 
02 1973O7O6103OOW. 
03 19730706110OCV/. 
0 1 1 9 7 3 0 7 0 6 1 2 0 0 ™ . 
02 1 9 7 3 0 7 0 6 1 2 0 . ) ™ . 
03 19730706123OOVI . 
0 1 1 9 7 3 0 9 1 0 1 0 3 0 ™ . 
02 1 9 7 3 0 9 1 0 1 0 3 0 , ™ . 
03 1 9 7 3 0 9 1 0 1 1 0 0 ™ . 
04 1 9 7 3 0 9 1 0 U 0 0 O V I 
05 1 9 7 3 0 9 1 0 1 1 3 0 ™ 
06 1 9 7 3 0 a i 0 1 U O O ^ 
07 1 9 7 3 0 4 1 0 1 2 0 . ) ™ 
0 1 1973O91710JOO1V, 
03 197303151100O-W 
0 1 1 9 7 3 0 7 1 8 i n 3 . ) O V / , 
02 1 9 7 3 0 7 1 8 . 0 3 ; ) ' ™ , 
03 1973O7181101K.V1, 
04 19730718110OOW, 
0 1 1 9 7 3 0 9 1 1 1 0 3 0 ™ 
0 1 1 9 7 3 0 9 ) 1 1 1 0 0 ™ 
02 19730911 i lOOOV/ 
03 9 7 3 0 9 1 U 1 3 0 C V < 
01 1 9 7 3 1 0 1 3 1 0 3 0 ™ 
02 1 9 7 3 1 0 1 3 1 0 3 0 ™ , 
03 1 9 7 3 1 0 1 3 1 1 0 0 ™ 
0 1 19730911123OOW 
02 1 9 7 3 0 9 1 1 1 2 3 0 ™ 
03 197 3 0 9 1 1 1 3 0 0 ™ 
0 1 1973O9111130OV/, 
02 1 9 7 3 0 9 1 1 1 2 0 . 1 ™ 
03 1 9 7 3 0 9 1 1 1 2 0 0 ™ 
05 1 9 7 3 0 7 0 5 1 1 0 0 ™ , 
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temp f l < w - p a s t f l o w - p i 
2 3 . 0 0 1 . 0 1 . 0 
2 6 . 5 0 1 , 0 1 . 0 
1 9 . 2 0 1 . 0 1 . 0 
1 7 . 0 0 1 . 0 1 . 0 
1 0 , 3 0 0 . 0 0 , 0 
1 0 , 6 0 4 . 0 4 , 0 
1 0 . 6 0 0 . 0 0 . 0 
1 1 . 5 0 4 . 0 4 , 0 
9 . 0 0 4 . 0 4 . 0 
1 0 . 5 0 4 . 0 4 . 0 
1 3 . 0 0 4 . 0 4 , 0 
1 1 . 9 0 3 . 0 3 . 0 
1 3 . 0 0 4 . 0 4 . 0 
6 . 5 0 4 . 0 4 . 0 
1 5 . 7 0 3 . 0 3 , 0 
1 1 . 5 0 3 . 0 3 , 0 
1 3 . 5 0 3,0 . 3 . 0 1 5 . 5 0 3 . 0 3 . 0 
2 4 . 0 0 
3.0 3.0 3 3 . 0 0 4 . 0 4 . 0 
3 4 , 0 0 4 . 0 4 . 0 
2 6 . 0 0 4 . 0 4 . 0 
2 1 . 0 0 4 . 0 4 . 0 
3 4 . 5 0 3 . 0 3 . 0 
2 9 . 5 0 3 , 0 3 . 0 
4 9 . 0 0 3 . 0 • 3 . 0 
4 1 , 0 0 3 . 0 3 . 0 
4 9 . 0 0 3 . 0 3 , 0 
2 5 , 0 0 3 . 0 3 . 0 
2 3 . 0 0 3 . 0 4 , 0 
1 0 . 5 0 3 . 0 3 , 0 
1 0 , 5 0 3 . 0 3 , 0 
1 0 . 7 0 3 . 0 3 . 0 
1 9 . 8 0 3 , 0 3 . 0 
1 0 . 0 0 3 . 0 2 . 0 
2 1 . 5 0 3 . 0 2 , 0 
2 9 . 5 0 3.0 
2 , 0 
1 9 . 5 0 .  2 . 0 
9 . 5 0 3.0 
2 . 0 
1 2 . 0 0 3 . 0 3 . 0 
2 1 , 5 0 . 3 . 0 3 . 0 
1 9 . 0 0 3 . 0 3 . 0 
1 9 . 0 0 3 . 0 3 . 0 
1 9 , 5 0 3 . 0 3 . 0 
9 , 0 0 1 . 0 1 . 0 
1 1 . 0 0 2 . 0 2 . 0 
1 0 . 0 0 2 . 0 2 . 0 
5 , 5 0 3 . 0 3 . 0 
1 1 . 3 0 
9 . 5 0 
1 1 . 2 0 
1 1 , 4 0 
1 8 . 6 0 
1 2 . 6 0 
1 5 . 3 0 
1 9 . 0 0 
2 0 . 0 0 
2 1 . 0 0 
2 0 . 1 0 
1 8 . 5 0 
2 0 . 0 0 
2 0 . 2 0 
1 9 . 3 0 
2 0 . 3 0 
1 8 . 6 0 
1 7 . 9 0 
1 7 . 3 0 
1 9 . 0 0 
8 . 5 0 
1 0 . 8 0 
1 6 . 5 0 
1 3 . 0 0 
1 5 . 2 0 
1 2 . 3 3 
1 0 , 3 0 
2 1 . 0 0 
2 1 . 0 0 
1 9 . 5 0 
1 4 . 6 0 
1 0 . 8 0 
1 0 . 7 0 
2 0 . 1 0 
1 8 . 5 0 
2 0 . 0 0 
1 1 . 6 0 
1 4 . 8 0 
2 0 , 0 0 
1 1 , 6 0 
1 4 , 8 0 
ixt>% 
S t a c k I s p H - f l d < « 4 . 0 ( 2 6 9 d a t a s e t ) 
s e r i d s a m i m b e r d a t e t i m e f i l e 
0 0 2 2 6 8 : 0 0 0 1 5 7 . 0 7 19730711611 3 0 ™ . ( 3 B H 
0 0 2 2 6 9 : 0 0 0 1 5 8 . 0 8 1 9 7 3 0 9 1 0 1 2 0 0 O W . U U d 
0 0 2 2 7 0 : 0 0 0 1 5 9 . 0 9 9 7 3 0 9 1 0 1 Z 3 , ) i V ( . U l : U 
0 0 2 2 7 1 : 0 0 0 1 6 0 . 0 5 < J 7 J 0 7 l a l l JOOW.BlB 
0 0 2 2 7 2 : 0 0 0 1 6 0 . 0 6 9730711U130( . - ,V.BbB 
00 2 2 73 : 0 0 0 1 2 7 . 0 1 1974 0 214 1 0 30(.W.BBC 
0 0 2 2 7 4 : 0 0 0 1 2 7 . 0 2 1 9 7 4 0 2 1 4 1 0 3,)0W.b' j t 
0 0 2 2 7 5 : 0 0 0 1 2 7 . 0 3 19740214110,)<-V^.Ub/0 
0 0 2 2 7 6 : 0 0 0 1 2 7 . 0 4 1974021411O1)OW.UUC 
0 0 2 2 7 7 : 0 0 0 1 2 8 . 0 1 1974021O1O3O<.V/.UBC 
0 0 2 2 7 8 : 0 0 0 1 2 8 . 0 2 1 9 7 4 0 2 1 0 1 0 i , ) t W . U h C 
0 0 2 2 7 9 : 0 0 0 1 2 8 . 0 3 197402101U)OOW.B1!C 
0 0 2 2 8 0 : 0 0 0 1 2 9 . 0 1 1 9 7 4 0 2 1 1 1 0 S O ™ . b U C 
0 0 2 2 8 1 : 0 0 0 1 2 9 . 0 2 1 9 7 4 0 2 1 1 1 0 J 0 O W . U B C 
0 0 2 2 8 2 : 0 0 0 1 3 0 . 0 1 1974O212103OCW.UiSC 
0 3 2 2 8 3 : 0 0 0 1 3 0 . 0 2 1 9 7 4 0 2 1 2 1 0 j , ) O W . B U C 
0 0 2 2 8 4 : 0 0 0 1 3 0 . 0 3 1 9 7 4 0 2 1 2 1 l O O C W . B B C 
0 0 2 2 8 5 : 0 0 0 1 3 0 . 0 4 l ' J74021211.! , )O/V.biSC 
0 0 2 2 8 6 : 0 0 0 1 3 1 . 0 1 1 9 7 4 0 2 1 2 1 1 3 0 ™ . U U C 
0 0 2 2 8 7 0 0 0 1 3 1 . 0 2 1 9 7 4 0 2 1 2 1 1 . 3 0 0 W . B I C 
0 0 2 2 8 8 : 0 0 0 1 3 1 . 0 3 l 'J74021212O,)OVV.Bl)C 
0 0 2 2 8 9 : 0 0 0 1 3 2 . 0 1 1 9 7 4 0 2 2 0 1 0 30LVI.BBC 
0 0 2 2 9 0 : 0 0 0 1 3 2 . 0 2 1974022 l )1030 '_W.bUC 
0 0 2 2 9 1 : 0 0 0 1 3 2 . 0 3 19740220110OOW. l iBC 
0 0 2 2 9 2 : 0 0 0 1 3 2 . 0 4 1 9 7 4 0 2 2 0 1 1 « O O V ( . b B C 
0 0 2 2 9 3 : 0 0 0 1 3 2 . 0 5 197402201130OVV.bBC 
0 3 2 2 9 4 : 0 0 0 1 3 2 . 0 6 1974022011300W.BUC; 
0 0 2 2 9 5 : 0 0 0 1 3 2 . 0 7 1 9 7 4 0 2 2 0 1 2 0 0 C . - . b )C 
0 0 2 2 9 6 : 0 0 0 1 3 3 . 0 1 1 9 7 4 0 2 2 0 1 2 j o ™ . b U C 
0 0 2 2 9 7 : 0 0 0 1 3 4 . 0 1 197402121200C.V.UUC 
0 0 2 2 9 8 : 0 0 0 1 3 4 . 0 2 1 9 7 4 0 2 1 2 1 2 0 0 ™ . B B C 
0 0 2 7 9 9 : 0 0 0 1 3 4 . 0 3 197402121230C.V .UBC 
0 0 2 3 0 0 : 0 0 0 1 3 4 . 0 4 1 9 7 4 0 2 1 2 1 2 3 0 0 1 V . U l C 
0 0 2 3 0 1 : 0 0 0 ) 3 5 . 0 1 1974O222103OOV(.BBC 
0 0 2 3 0 2 : 0 0 0 1 3 5 . 0 2 1 9 7 4 0 2 2 2 1 0 5 , ! ™ . U U C 
B O 2 3 0 3 : 0 . 1013 5 .03 1 9 7 4 0 2 2 2 1 1 0 , ) ™ . b U C 
0 0 2 3 0 4 : 0 0 0 1 3 5 . 0 4 1 9 7 4 0 2 2 2 1 1 , ) 0 O V / . . J I 3 C 
0 0 2 3 0 5 : 0 0 0 1 3 5 . 0 1 i 9 7 4 0 2 1 i ! 1 0 30OV/.iiUC 
0 0 2 3 0 5 : 0 0 0 1 3 7 . 0 1 1974 ,121810 ),)0-<V.BBC 
0 0 2 3 0 7 : 0 0 0 1 3 7 . 0 2 1974O218U0OC,V.UUC 
0 0 2 3 0 8 : 0 0 0 1 3 7 . 0 3 l 'J740218110,)O\V.U13C 
0 0 2 3 0 9 : 0 0 0 1 3 8 . 0 1 19740 30310 3,)C.V.U!3C 
0 0 2 3 1 0 : 0001 1 8 . 0 2 1974,) 30310 300W.bBC 
0 0 2 3 1 1 0 0 0 1 3 8 . 0 3 9 7 4 0 3 0 3 1 1 0 0 ™ . B B C 
0 0 2 3 1 2 : 0 0 0 1 3 9 . 0 1 1974,i2r . '10 .3 . )OV.U13C 
0 0 2 3 1 3 : 0 0 0 1 3 9 . 0 2 1 9 7 4 , ! 2 1 9 1 0 3 l ) O . V . b b C 
0 0 2 3 1 4 : 0 0 0 1 3 9 . 0 3 1 9 7 4 0 2 1 4 1 1 OOOV/.BUC 
0 0 2 3 1 5 : 0 0 0 1 4 0 . 0 1 1974021,-) : 1 l i M V . b l S C 
0 0 2 3 1 6 : 0 0 0 1 4 0 . 0 2 1 9 7 4 , ) 2 1 o U 3 0 C W . B I 5 C 
0 0 2 3 1 7 : 0 0 0 1 4 0 . 0 3 1 9 7 4 0 2 1 8 1 2 0 . 1 ™ . B 1 3 C 
0 0 2 3 1 8 : 0 0 0 1 5 8 . 0 8 1 9 7 4 0 2 2 0 1 2 0 . ) ™ . B . ! 0 
0 0 2 3 1 9 : 0 0 0 1 5 9 . 0 9 1 9 7 4 , ) 2 2 ; ) i 2 3 0 ™ . U B C 
0 0 2 3 2 0 : 0 0 0 1 6 0 . 0 5 1 9 7 4 0 2 2 2 1 1 lOOlV.UUC 
O 0 2 3 2 J : O.)O160.fit> 1 9 7 4 0 2 2 2 1 1 3 0 ' ™ . U M : 
0 0 2 3 2 2 : O O 0 i 2 7 . O l 1 9 7 2 1 2 1 0 . 1 , 1 3 3 ™ . U U D 
0 0 2 . 3 2 3 : 0 0 0 1 2 7 . 0 ) H'^'r^'R 
0 0 2 3 2 4 : 0 0 0 1 2 7 , 0 1 1 9 7 3 , ) 2 1 0 i 0 j 3 ^ . 1 i , i - : ' O 
0 0 2 3 2 5 : 0 0 3 1 2 7 . 0 1 19730 3 1 3 1 0 3 3 ™ . b U O 
0 0 2 3 7 6 : 0 0 0 1 2 7 . 0 1 1 9 7 3 0 4 1 2 1 . ) 3 3 ™ . l i B l > 
0 0 2 3 2 7 ; 0 0 0 1 2 7 : 0 1 1 4 7 . , ) ' . 1 U 0 3 . 3 C . V . B U D 
0 0 2 3 2 8 : 0 0 0 1 2 7 . 0 1 l ' J 7 . f O i . l 4 1 0 i lo-.V-buD 
0 0 2 3 2 9 : 0 0 0 1 2 7 , 0 1 197 ! , )7251l)330 ' .V,BUD 
00 2 330 : 0 0 0 1 27 . 0 1 197 30.0241,) 3 3 ™ . U B D 
0 0 2 3 3 1 : 0 0 0 1 2 7 . 0 1 1 9 7 3 0 9 2 , 1 1 0 3 . 3 ™ . U B D 
0 0 2 3 3 2 ; 0 0 0 1 2 7 . 0 1 1 9 7 3 1 0 1 3 1 0 3 3 ™ . U U D 
0 0 2 3 3 3 : 0 0 0 1 2 7 . 0 1 1 9 7 3 1 1 1 6 1 0 3 3 O V . B i i D 
0 0 2 3 3 4 0 0 0 1 2 7 . 0 1 1 9 7 3 1 2 1 2 1 0 3 3 ™ . B B D 
0 0 2 3 3 5 : 0 0 0 1 2 7 . 0 1 19740115103 , loVV.bBD 
0 0 2 3 3 6 : 0 0 0 1 2 7 . 0 1 1 9 7 4 0 2 1 8 1 0 3 3 0 W . b U U 
0 0 2 3 3 7 : 0 0 0 1 2 7 . 0 1 1-37 i 0 3 1 2 1 0 3 3 O l V . U U D 
0 0 2 3 3 8 : 0 0 0 1 2 7 , 0 1 1 9 7 4 0 4 2 2 1 0 33C,V. bUD 
0 0 2 3 3 9 : 0 0 0 1 2 7 . 0 1 1974. )520103.30W.HUD 
0 0 2 3 4 0 001)127:01 197405171033CVI .UUD 
0 0 2 3 4 1 : 0 0 0 1 2 7 . 0 1 . 9 V 4 0 7 2 H 0 3 3 C . V . U B U 
0 0 2 3 4 2 0 0 0 1 2 7 . 0 1 974 , )H1310J30V<.BUO 
0 0 7 3 4 3 : 0 0 0 1 2 7 . 0 1 9 7 4 . 1 " L 2 1 . ) 3 3 ™ . U b D 
0 0 2 3 4 4 : 0 0 0 1 2 7 . 0 1 1 4 / 4 1 0 1 4 1 0 3 , 3 ™ . H U D 
0 0 2 3 4 5 : 0 0 0 1 2 7 . 0 1 1 9 7 4 1 1 1 5 1 0 3 3 ; : . ^ B b D 
0 0 2 3 4 5 : 0 0 0 1 2 7 . 0 1 1 9 7 4 1 2 1 7 1 , ) 3 30-.V.i)UD 
0 0 2 3 4 7 0 0 0 1 2 7 . 0 1 1 4 7 5 0 1 1 8 l 0 3 j ™ . B B D 
0 3 2 3 4 8 ; 0 0 0 1 2 7 . 0 1 1 9 7 5 0 2 1 ' 3 1 0 . 3 3 ™ , b U D 
0 0 2 3 4 9 : 0 0 0 1 2 7 . 0 1 ; 9 7 5 0 ; . 4 1 , ) j . CW. . » D 
0 0 2 3 7 9 : 0 0 0 1 2 5 . 0 1 1 9 / 3 l ) . i l 111 lOOW.UUA 
002 . 380 : 0 , 1 0 1 2 5 . 0 1 197.nip.'_41 3 0 ™ . f 3 >A 
0 0 2 3 3 1 : 0 0 0 1 2 5 . 0 1 197 3120 ' .1130C.V. i ,BA 
0 0 2 3 8 2 : 0 0 0 1 2 5 . 0 1 1 4 7 4 0 4 2 2 1 1 3 l ' «V.UUA 
0 0 2 3 8 3 : 0 0 0 1 2 5 . 0 1 1974 , ) i31311 3 0 ™ . U : ) A 
0 0 2 3 8 4 : 0 0 0 1 2 5 . 0 1 . 9 / 4 1 0 1 4 1 H , ; < . V J . i ' ! ) A 
0 0 2 3 8 5 : 0 , )O125 .01 l ' ) 7 5 0 1 1 8 1 1 3 0 O V ( . U U A 
0 0 2 3 8 6 : 0 0 0 1 2 5 . 0 1 . L 9 7 5 0 3 1 4 1 1 3 0 ™ . B b A 
S h e e t D . 2 
t e a p f l o w - p a s t f l o w - p r e s 
2 0 . 0 0 
2 0 . 0 0 
2 1 . 2 0 
1 3 . 3 3 
1 2 . 4 0 
6 . 1 0 
7 . 0 0 
7 , 2 0 
7 , 4 0 
1 5 , 6 0 
1 0 . 8 0 
8 . 3 0 
7 . 4 0 
1 1 . 3 3 
8 . 8 0 
6 . 5 0 
7 . 6 0 
1 2 . 0 0 
7 . 6 0 
7 . 1 0 
6 . 6 0 
9 . 1 0 
7 . 4 0 
1 0 . 1 0 
3 . 9 0 
8 . 2 0 
8 . 8 0 
8 . 3 0 
0 . 0 0 
8 , 5 0 
7 , 2 0 
7 , 1 0 
8 , 5 0 
7 . 3 0 
7 . 6 0 
7 . 4 0 
6 . 6 0 
7 . 4 0 
7 , 8 0 
7 . 1 0 
7 . 3 0 
7 . 4 0 
7 , 8 0 
7 . 1 0 
8 . 2 0 
1 0 . 8 0 
8 . 3 0 
9 . 3 0 -
9 . 6 0 
6 . 8 0 
5 . 9 0 
8 . 3 0 
9 . 5 0 
8 . 8 0 
8 . 2 0 
7 , 9 0 
9 . 5 0 
9 , 0 0 
9 . 9 0 
9 , 8 0 
8 . 9 0 
8 . 4 0 
4 . 5 0 
4 . 7 0 
5 , 5 0 
4 , 4 0 
7 . 8 0 
8 . 1 0 
8 . 4 0 
8 , 8 0 
8 , 7 0 
9 . 9 0 
9 . 1 0 
8 . 7 0 
9 . 0 0 
7 . 9 0 
7 . 6 0 
7 . 4 0 
6 . 4 0 
4 . 7 0 
1 1 . 6 0 
8 , 8 0 
6 . 2 0 
1 2 . 1 0 
9 . 3 0 
4 . 0 0 
6 . 0 0 
s t a c k I s p l k - f l d <» 4.0 (209 dataset) Sheet D.3 






















































































































































































,01 197301241030CW ,01 197304ai03OCW ,01 197312O610JOCW 
,02 197301241O30CW 
,02 1973041110300/ ,02 197307251 03O(:M 




04 197301241101K.V( 04 197304111100CW' 04 1973O725110OCW 04 197312061100CW 
04 19740422110aCW 04 1974081311O0CW 
04 19741014110OCW 04 197501181100CW 
04 197533141100'.^ 05 19730411110OCW 05 19730725110OCW 05 197il2161103CW 05 19740422110OCW 
05 197410141lOOCW 05 1975O118110OCW, 
05 197503141103CW, 
06 1973041111O3C^, 06 197307251 lOOCVI, 
06 197312061100CV, 05 1974O4221100CV(, 08 197301241130',W, 03 197334111130CW, 08 197307251130(,v;, 08 1973120611300^, 08 19740422113aC'W, 08 197b0116113.)CW, 
08 1 9 7 5 0 3 1 4 1 1 3 0 C W , 10 1973:'!24113.!lVI, 10 1973.Mmi33a ' J , :0 1973,17251130(W, 
.0 1 9 7 3 1 2 0 6 1 1 3 0 0 1 10 19740'i22113OCW. 
0 19740U13113OCW. 
0 197410141!3OCW. 10 197501181130^. 
10 197503141130CW. 
u iy73oi.;4i2O0cw. 
11 197304! U20,ICW. 
1 1973072'>120.;CW. .1 197312.!6120.!CVI. 11 1974O4221200av. ,1 19740ai3120.»V, 
.1 19741014120iKW. 










07 197301,M1030C-W. 07 19730411103i)a'<. 07 1973O422103OOV. 07 197307251OiOCW, 07 197312061030CW. 
09 i97301241il30a>/, 09 1973O4111030CW 09 197304221030CW 09 19730725103O(M 09 197312061030CW, 
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Names and d e s c r i p t i o n s of the aci d data subsets r e l a t e d to the pH <= 4.0 query 
A l t e r n a t i v e n-nc D e s c r i p t i o n Number 
m i s s i n g 
269 datai-.oi A c i d L-;.r„pl( 
217 d a t a S L ' l : 
125 ( J a t . i j T o t \cic1 s p e c i e s 
27 v a r i a b l e ? 269 cr.ses 1290 
( O D - 4 2 0 , C o i i d v i c t i v i t y , p ! ! , A c i d i t y , 
Na,K,Mg,Ca,Zn,Cu,Mn,Fe,Al,Pb,Co,Ni 
PO^-P,NH4-N,N03-N,S04-5,C],Si 
O2-SATO, t e i 7 i ? , f l o w - p a s t , £lo.<-present) 
24 v a r i a b l e s 217 c a s e s 19 
( O D - 4 2 0 , C o n d u c t i v i t y , p H , A c i d i t y , 
Ha,K ,Mg,Ca,Zn,Cii ,"n ,Fe , A l ,Pb,Co,Ni 
P04-P,NH4-M,N03-N',S04-S,Cl,Si 
tonip) 
24 v a r i j b l o r . 125 c a s e s 395 
i n c l u d o : j 12^ . i T T i o q a t e b i o l o g i e s 
f r o m w h i c h I.SP'C t h e c o u n t o f t h e 
number o f s p c c i e r . irj e x t r a c t e d 
and beccrr.es t h r 24 t.h v a r i a b l e . 
•S he c h e i i . i b t r y -jur i jtArr, a r e t h e 
sane as f o r t h e ^1/ d . i t a i i e t . 
C r e a t i o n c r i t e r i a 
Q u ery p H - f l d <» 4.0 
269 s u b s e t where s a m p l e s 
w i t h >= 20 v a r i a b l ' i 
i n c l u d e d . V a r i a b l e s w i t h 
>« 195 o f sa.T.pleE a r e 
i n c l u d e d . M i s s i n g v a l j t s 
r e p l a c e d w i t l i t h e Means 
f o r t h e v a r i a b l e . 
B y d a t e e x p a n s i o n o f -69 
d a t a s e t . 
101 
3U1 t}.M , 
23 v a r i . i M >• ; ;i i <•.,:;<••! 
i n r l i j d ' - : ; 101 .1 j [ i < - ' | . i t t ( i o l o ' ) l < 
Vur i . i l ^ l i v ; . r : l - . i I .", d . i l . r . i . - l . 
2-' v a r i a b l e : ; K)! •.•.^r,r••. 
Ko b i o l o ' j i < j : . . 7,-.-1 j i . l r : i a:; f o r 
2C9 d a t o ' i ' j t . On • z,)an:;ion b / s a r 
i n t o a q . j r c ' j a t c : - • / i ' - - l d ; ; 134 
.-i g ^ r e g - i t e r . . On '. x;, lar, i o n b y d a t e 
y i e l d s l i ( J a g g r e g a t e s . 
12 SuiiipliTi; w i t h 1J nl 
Vol 1 . i l . l p i i r,>:i.I . 
V . i r i . i l . l.T. w l I l i ' ' t ' l ',1 
1021 T h " l . y : ; a r • • x p . i n r . i ' > i i o f 
7',9 d.ita-.'.'t - ch<-ini:;l - i c r 
i n t o f u t t h e r c h i c i i i i r . t r i o s . 
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4.2 Descriptive s t a t i s t i c s 
4.21 Introduction 
I t i e d i s t r i b u t i o n s of pH, c o n d u c t i v i t y and a c i d i t y were presented f o r the 
t o t a l SIEUR dataset i n Tables 4.12-2, 4.14-1 and 4.14-2. Althougn there are 
no a^  p r i o r i reasons to b e l i e v e t h a t they should f o l l o w any s t a t i s t i c a l 
d i s t r i b u t i o n i t can be seen t h a t there i s a tendency toward a median value 
s i m i l a r t o t h a t f o r a normal d i s t r i b u t i o n . Farther i t can be seen that at 
c e r t a i n other values there are smaller secondary peaks f o r example see the 
peak a t pH 2.5. 
Itie reasons f o r the main and secondary peaks may l i e i n the nature of 
the data c o l l e c t i o n methodology. For example the acid stream study i s l i k e l y 
t o provide a d i s p r o p o r t i o n a t e nunber of low pH s i t e s . A l t e r n a t i v e l y i t may 
p o i n t t o some r e a l complex d i s t r i b u t i o n vhich may be present i n stream waters. 
'IVo problems e x i s t which are ignored i n t h i s s e c t i o n . These are the 
bias introduced because of the s e l e c t i o n of a p o r t i o n of the t o t a l dataset 
based on one c r i t e r i o n v a r i a b l e . And the degree of s t a t i s t i c a l independance 
of the v a r i a b l e s . Any bias i s v ^ o l l y j u s t i f i e d i n terms o f the study aim, 
t h a t i s the survey of low pH data a v a i l a b l e i n SIEUH. Only those v a r i a b l e s 
weakly c o r r e l a t e d w i t h pH w i l l be a f f e c t e d by t h i s s e l e c t i o n ; s t r o n g l y 
c o r r e l a t e d v a r i a b l e s w i l l probably remain s t r o n g l y c o r r e l a t e d even i n the 
subset. The presence or absence of strong c o r r e l a t i o n between v a r i a b l e s i n 
t h i s subset may be a r t i f i c i a l or again may be some i n d i c a t i o n of r e l a t i o n s h i p , 
Vi ^ i i c h may or may not be r e f l e c t e d over t l i e t o t a l dataset. The search f o r 
t r a n s f o r m a t i o n s , t o render the subset v a r i a b l e s symmetric remain v a l i d i n the 
context of the search f o r s t a t i s t i c a l l y independant v a r i a b l e s . However, note 
must be made of the a r t i f i c i a l i t y of the method. 
4.22 Distributions and transformations 
I n the f o l l o w i n g f i g u r e s , the data d i s t r i b u t i o n and the transformation 
applied are presented f o r a l l the chemical v a r i a b l e s concerned i n t h i s study. 
Data a t the d e t e c t a b l e l i m i t have been ignored (Section 2.22). 'itie choice of 
the number of histogram bins was based a r b i t a r i l y on the square r o o t of the 
number of non-missing pH data p o i n t s . The histograms d i s p l a y method f o l l o w s 
t h a t suggested by Fox (1976). 
Section 4.22 
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Table 4.22-1 [ p p Itl-l2.c^>) 
D i s t r i b u t i o n histograms f o r the chemical and j i i y s i c a l parameters and t l i e i r 
loqiQ t r a n s f o r m a t i o n s associated w i t h samples v«^ iere the pH <= 4.0 
iOads as lo Table i+ p. 
bins ate scowled i t l a b o * to W bnc^est lohicVi i s st\- at iit>(i>% 
Section 4.22 
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I t i s c l e a r from Tables 4.22-1 and 4.23-1 t h a t f o r most v a r i a b l e s a 
l o g a r i t l i m i c t r a n s f o r m a t i o n ( l o g X ) rendered the data symmetric about some 
s i n g l e modal value. Furtliermore l o g a r i t h m i c transformations seem most 
appropriate even vihen departures from symmetry are detected f o r the f o l l o w i n g 
reasons: 
1. The data may span several orders of magnitude and include many extreme 
values, which may r e s u l t i n only v i s u a l apparent departures from symmetry. 
2. One o f the major v a r i a b l e s under co n s i d e r a t i o n (pH) i s already 
l o g a r i t h m i c a l l y scaled. 
3. Logarithmic transformations are r e a d i l y understood and a p p l i e d . 
4. With reference to the 269 acid sample c h a n i s t r i e s under consideration the 
departures from symmetry of the l o g a r i t h m i c a l l y transformed v a r i a b l e s can 
be explained i n terms c o n s i s t e n t w i t h the nature o f the extreme 
environment. 
4.23 Skewness and kurtosis of the dist r i b u t i o n s 
V 
The v a r i a b l e d i s t r i b u t i o n s (Table 4.22-1) can show three possible 
departures from symmetry, mod a l i t y (the tendancy to have many peaks i n the 
d i s t r i b u t i o n ) , skewness (the tendancy f o r the modal peak t o be displaced to 
one end of the d i s t r i b u t i o n ) and k u r t o s i s (the peakedness of the 
d i s t r i b u t i o n ) . Modality cannot be e a s i l y removed by transformation; v a r i a b l e s 
vitiich d i s p l a y b i m o d a l i t y are Na, Mg,x:a, Mn and Pb. Skewness i s displayed by 
Mg, Ca, Pb and PO4-P. i t i s probable t h a t the cause of t h i s skewness i s the 
occasional extreme value, a f a c t borne out by the numerically low skewness 
f i g u r e s to be found f o r these v a r i a b l e i n Table 4.23-1. Kurtosis i s displayed 
to a c e r t a i n extent by a l l the v a r i a b l e s , but i s more c l e a r l y discernable i n 
Zn, Cu, Fe and Al and to a lesser extent by N i . 
Presented i n Table 4.23-1 are various shape s t a t i s t i c s c a l c u l a t e d as 
tliough the v a r i a b l e s and t l i e i r transformations were normally d i s t r i b u t e d . I f 
the curves were t r u e approximations of the normal d i s t r i b u t i o n , then i t would 
be expected t h a t the skewness would be zero ( p o s i t i v e values i n d i c a t e 
c l u s t e r i n g t o the r i g h t of the mode) k u r t o s i s too would be zero ( p o s i t i v e 
values i n d i c a t i n g more pointed d i s t r i b u t i o n s ) . The s t a t i s t i c s i n Table 4.23-1 
are presented merely as q u a n t i t a t i v e c o n f i r m a t i o n t h a t the transformations 
y i e l d more symmetric, normal looking d i s t r i b u t i o n s f o r the v a r i a b l e s . Where 
Section 4.23 
Page 122 (a) Skewness and k u r t o s i s of tiie d i s t r i b u t i o n s 
Table 4.23-1 
Symmetry s t a t i s t i c s o f the chemical and ph y s i c a l parameters f o r sample 
chemi s t r i e s where the pH <= 4.0 
^Secood iv(\e )S for Locj,2, KarisforfnecA dotcx.^ 
Section 4.23 
Variable n minimua maximum mean s.d. skevtiness kurtosii 
O.D.-^20 237 .01000 .98800 .09777 .16973 2.823 8.153 
237 -3.0000 -.00524 -1.4820 .65429 .116 -.291 
c o n d u c t i v i t y 238 65.000 80000. 4079.2 7018.3 6.827 61.433 
238 1.8129 4.9031 3.4000 .38266 .398 2.851 
p H - f l d 269 .90000 4.0000 2.8207 .46512 .105 2.355 
a c i d i t y 242 10.600 64000. 3354.6 6412.4 5.270 39.646 242 1.0253 4.8062 3.0674 .66461 -.261 .687 
E h - f l d 15 382.00 560.00 493.13 55.600 -.586 -.786 
15 2.5821 2.7482 2.6902 .05109 -.742 -.506 Na 264 .27000 3550.0 156.47 308.15 6.080 56.662 
264 -.56864 3.5502 1.6333 .74298 .089 -.632 
K 264 .03000 123.00 9.2739 18.442 4.113 19.017 
264 -1.5229 2.0899 .43114 .74534 -.212 -.426 Mg 265 .25000 2340.0 200.43 290.64 3.072 13.248 
265 -.60206 3.3692 1.8904 .76382 -1.371 2.342 Ca 265 .54000 556.00 164.42 149.73 .957 -.516 
265 -.26761 2.7451 1.9788 .55260 -1.297 2.578 
Zn 265 .02500 303.00 12.804 41.828 4.992 26.848 
265 -1.6021 2.4814 .22804 .75597 .772 1.357 
Cu 252 .00200 323.00 7.7594 40.310 6.447 42.334 
252 -2.6990 2.5092 -.38100 .83874 .542 2.384 
Mn 265 .01400 544.00 29.207 55.671 4.944 34.417 
265 -1.8539 2.7356 .98622 .74520 -1.090 3.112 
Fe 265 .04000 23000. 583.19 1898.2 7.655 76.672 
265 -1.3979 4.3617 1.9135 .92174 -.285 .433 
A l 264 .32000 3130.0 121.17 314.65 6.380 48.412 
264 -.49485 3.4955 1.5723 .64792 -.052 1.137 
Pb 267 .00100 260.00 1.1393 15.908 16.229 261.589 
267 -3.0000 2.4150 -1.5074 .81187 .909 1.029 
Co 253 .00100 20.000 .82574 1.7851 6.557 57.646 
253 -3.0000 1.3010 -.50281 .59501 -.033 1.125 
Ni 254 .00400 50.400 1.8841 4.1741 7.451 75.489 
254 -2.3979 1.7024 -.19304 .64891 -.040 .252 
PO4-P 220 .01000 76.000 .93464 5^9430 10.978 126.417 
220 -2.0000 1.8808 -.81445 .64537 .572 1.536 
NH4-N 217 .03000 10.800 1.3477 1.7841 2.927 10.380 
217 -1.5229 1.0334 -.13421 .47473 .204 -.301 
NO3-N 220 .05000 4.0000 .62850' .60511 2.885 9.303 220 -1.3010 .60206 -.33475 .33944 -.168 1.191 
SO4-S 222 .84000 8580.0 1256.4 1366.0 1.982 4.420 
222 • -.07572 3.9335 2.8762 .49255 -1.551 9.163 
CI 239 10.500 1800.0 49.304 121.52 12.695 178.939 
239 1.0212 3.2553 1.5102 .30310 1.835 4.822 
S i 230 .50000 114.00 33.605 19.383 .942 2.187 
230 • -.30103 2.0569 1.4234 .36496 -1.924 5.456 
O2-SATN 207 0. 106.00 76.536 20.071 -1.897 3.804 
203 1.0000 2.0253 1.8756 .14008 -3.243 13.693 
temperature 251 0. 49.000 11.463 7.0810 2.188 6.863 
250- .46240 1.G902 .99960 .22244 .489 .106 
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4.3 Intervariable s t a t i s t i c s & principal component analysis 
4.31 Introduction 
This s e c t i o n presents the r e s u l t s o f the i n t e r v a r i a b l e ana lys i s o f the 
va r ious ac id chemis t ry da t a se t s . Also presented are the p r i n c i p a l components 
ex t r ac t ed f rom these da t a se t s . 
The r e s u l t s o f the two p r i n c i p a l component analyses on the 23 v a r i a b l e s 
(or t ransformed v a r i a b l e s ) and 217 chemis t r i e s o f the 269 data subset and the 
24 v a r i a b l e s (or t ransformed va r i ab l e s ) and 101 chemis t r ies o f the 125 data 
subset are presented . I n these subsets , data a t the de tec tab le l i m i t were 
t r e a t e d using the methods descr ibed i n 2 .222. Miss ing data f o r the p r i n c i p a l 
components a n a l y s i s were replaced by the v a r i a b l e means as o u t l i n e d i n Table 
4 . 1 5 - 2 . The two sets o f component r e s u l t s are presented together because the 
aim i s t o compare the p a t t e r n o f v a r i a t i o n and to gene ra l i se the r e s u l t s f o r 
t l ie chemical data as a whole . 
4.32 Correlation analysis 
Table 4 .32 -1 presents the Pearson, Spearman and Kendal l c o r r e l a t i o n 
c o e f f i c i e n t s f o r a l l the t ransformed v a r i a b l e s o f the ac id samples 269 dataset 
w i t h the miss ing data i gno red . Care must be taken i n i n t e r p r e t i n g these 
c o r r e l a t i o n s f o r reasons expla ined i n 4 .21 . 
Sect ion 4.32 
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Table 4.32-1 (pp ±lS-±Zl) 
Pearson ( P ) , Speannans (S) and Kendals (K) c o r r e l a t i o n c o e f f i c i e n t s among the 
chemical and p l i y s i c a l {.^rameters o f the 269 ac id samples da ta se t 
Sec t ion 4.32 























l .OQQQ 0 . 3 9 7 5 - 0 . 3 6 9 6 
.001)0 0 . 4 3 1 7 - 0 . 3 6 8 3 
1 . 0 0 0 0 0 . 3 1 9 8 - 0 . 2 6 4 3 
J.10 110 110 
0 . 3 9 7 5 1 . 0 0 0 0 - 0 . 5 5 8 0 
0 . 3 1 9 8 1 . 0 0 0 0 - 0 . 3 3 3 1 
0 . 4 3 1 7 1 . 0 0 0 0 - 0 . 2 4 2 4 
110 110 110 
temp 
- 0 . 3 6 9 6 
- 0 . 264:i 
- 0 . 3 6 8 ; 
110 
0 . 6 4 2 9 
0 . 4 9 3 9 
0 . 6 5 0 9 
102 
0 . 5 7 5 4 
0 . 3 7 6 1 
0 . 4 6 8 7 
13 
- 0 . 3 1 3 8 
- 0 . 2 6 4 7 - 0 . 3 5 4 0 
110 
0 . 2 1 8 3 
0 . 1 0 6 9 
0 . 1 6 5 1 
110 
- 0 . 2 2 3 4 
- 0 . 1 5 1 8 
- 0 . 1 9 6 3 
109 
0 . 3 0 3 4 




0 . 0 6 8 3 
0 . 0 9 7 4 
110 
0 . 0 9 6 3 
0 . 1 2 2 9 
0.1707 
110 
0 . 2 7 2 0 
0 . 2 3 4 9 
0 . 3 2 7 8 110 
0 . 1 7 4 4 
0 . 1 4 5 7 
0 . 2 2 4 7 110 
0 . 5 4 0 3 
110 
0 . 4 2 2 0 
0 . 3 7 6 6 
'o-.un: 
0 . 2 3 4 9 -
110 
0.5552 
0 . 3 5 8 2 
0.4968 
105 
- 0 . 5 5 8 0 
- 0 . 2 4 2 4 
- 0 . 3 3 8 1 
110 
0 . 5 7 1 0 
0 . 4 9 0 2 
0 . 6 2 4 1 
102 
0 . 3 4 5 1 
0 . 0 8 1 1 
0 . 1 7 8 8 
13 
- 0 . 0 1 8 6 
- 0 . 0 6 1 4 
- 0 . 0 8 0 9 
110 
0 . 4 2 0 1 
0 . 3 9 4 3 
0 . 5 2 9 8 
110 
0 . 0 4 5 4 
0 . 0 8 4 1 
0 . 1 1 4 5 
109 
0 . 4 2 0 2 
110 
0.1754 
0 . 2 7 3 9 
0 . 3 7 4 2 
110 
- 0 . 0 4 4 5 
0 . 0 2 7 9 
0 . 0 3 0 5 
110 
0 . 0 4 4 3 
- 0 . 0 0 5 4 
- 0 . 0 0 4 8 110 
0.1935 
0 . 4 1 2 0 
0.5266 
110 
0 . 3 3 6 5 
0 . 4 1 3 6 ' 















0 . 1 7 5 5 
- 0 . 0 0 6 2 
0 . 0 1 9 3 
96 
0 . 0 2 9 6 
98 
0 . 5 5 9 2 
0 . 3 5 2 5 
0 . 4 3 7 8 
102 
0 . 1 2 3 1 
0 . 0 5 6 0 
0 . 5 5 6 2 
0 . 4 3 1 7 
0 . 6 0 6 5 
105 
0 . 4 4 4 2 
0 . 3 3 7 8 
0 . 4 5 8 6 
108 
0 . 1 0 2 8 
0 . 0 3 7 4 
0 . 0 4 3 2 
98 
0 . 3 3 7 1 
C . 2 b 2 9 
0 . 3 6 1 5 
96 
- 0 . 0 2 9 2 
0 . 0 4 2 0 












- 0 .0 105 






0 . 2 1 3 4 
0 . 0 8 4 3 
0 . 1 2 7 7 
102 
0 . 2 3 U 
0 . 1 0 1 3 
0 . 1 3 1 0 
102 
- 0 . 2 0 9 9 
•0.2 . i ••> 





1 . 0 0 0 0 
1 . 0 0 0 0 
1 . 0 0 0 0 
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0 . 6 0 8 S 
0 . 6 8 9 1 
0 . 6 9 1 6 
0 . 5 1 7 5 
0 . 6 9 9 4 
0 . 8 0 6 0 
0 . 6 1 2 0 
0 . 2 5 5 3 
1 . 0 0 0 0 
1 . 0 0 0 0 '•°m 
0 . 8 6 3 7 urn 
115 
0 . 3 2 9 8 
95 
0 . 3 6 9 3 
0 . 0 4 2 2 
0 . 0 3 9 5 
0 . 0 5 7 0 
0 . 7 4 9 6 
0 . 5 4 5 2 
0 . 6 9 9 5 
99 
0 . 1 2 2 9 
0 . 1 0 1 1 
0 . 1 4 8 3 
103 
0 . 2 9 5 3 
0 . 2 7 7 8 
0 . 4 0 0 3 
99 
0 . 3 7 5 2 
108 
0 . 4 4 4 2 
0 . 4 5 8 6 
0 . 3 3 7 8 
108 
- 0 . 1 6 9 5 --um 
119 
0 . 7 8 6 8 
0 . 7 6 7 9 
0 . 5 8 5 5 
111 
0 . 1 7 6 9 
0 . 1 6 7 6 
0 . 2 1 6 ^ 
- 0 . 4 6 7 9 
119 
0 : 3 9 8 2 
119 
- 0 . 1 1 0 0 
0 . 0 1 7 0 
0 . 0 2 2 4 
118 
0 . 7 5 8 1 
0 . 6 8 2 
"•Tis 
0 . 6 8 6 8 
0 . 6 5 5 7 
0 . 4 6 5 5 
119 
0 . 2 1 9 0 
0 . 1 8 1 4 






0 . 6 9 2 4 
0 . 6 8 5 4 
0 . 6 4 2 0 
0 . 6 9 9 6 
0 . 5 2 2 2 
119 
0 . 2 9 3 0 imi 
119 
0 . 8 6 3 7 
0 . 8 3 1 1 




0 . 5 1 1 G 
0 . 2 6 4 2 
96 
- 0 . 0 0 7 5 
0 . 0 0 6 9 
- 0 . 0 0 0 5 
98 
0 . 6 7 3 9 
0 . 4 1 3 9 










• 0 . 0 8 7 4 
0 . 1 0 4 3 
0 . 1 2 2 4 
1C2 
:8:?9"<1? -tm -^-ME -UU'i -Um :8:?2a§ -UUt 
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:8:53l^ 
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89 
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1431 
n 1 .J 
121 
Hit 
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89 
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- 0 . 3 7 39 
87 
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- 0 . 3 6 9 6 
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0.3258 0.2373 -0.0657 
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4.33 P r i n c i p a l components analysis 
The r e s u l t s o f the two PCA's performed on the Pearson product manent 
c o r r e l a t i o n m a t r i x o f the s tandardised transformed v a r i a b l e s are presented i n 
Table 4 . 3 3 - 1 . The m a t r i x presented i s the p r i n c i p a l component load ing m a t r i x 
produced by m u l t i p l y i n g each e igenvector value by the square r o o t o f the 
corresponding e igenvalue ; the r e s u l t i n g m a t r i x i s a lso known as the " f a c t o r 
m a t r i x " (Harman, 1977) . The components were chosen f o r d i s p l a y using the r u l e 
o f thumb suggested by Kaiser (197(J) wtiereby o n l y those components where the 
corresponding eigenvalue i s g rea te r than u n i t y are i n c l u d e d . I n the 
d i s cus s ion t h a t f o l l o w s a v a r i a b l e which loads n e g a t i v e l y on a component i s 
d i s t i n g u i s h e d w i t h a minus s i g n placed before the v a r i a b l e name thus - Z n . The 
weights o f some components have been m u l t i p l i e d by - 1 (Harman, 1977) to ensure 
t h a t the s igns c o i n c i d e . This m o d i f i c a t i o n i s v a l i d , as explained i n Sect ion 
3 .43 , because the e l l i p s o i d which represents the component can, w i t h o u t loss 
o f g e n e r a l i s a t i o n , be r o t a t e d about i t s midpo in t i n any ax i s ( the e f f e c t o f 
m u l t i p l y i n g a l l the weigh t ings o f a component by - 1 ) . Where t h i s m o d i f i c a t i o n 
t o the we igh t i ngs has been employed the r e l evan t con[X>nent i s marked i n Table 
4 .33 -1 w i t h an a s t e r i s k . 
Of immediate i n t e r e s t i s the narked s i m i l a r i t y i n tne v a r i a b l e s which 
load on the f i r s t two components o f the two da tase t s . I n both analyses the 
f i r s t component appears to be a general ac id component w i t h most o f the 
c a t i o n s , SO4-S, OD-420, t o t a l a c i d i t y and c o n d u c t i v i t y loading on i t a t 
r e l a t i v e l y h i g h l e v e l s . Conspicuous by i t s low value i s the loading o f pH. 
I n bo th analyses the second component i s i d e n t i f i e d by the h igh load ing o f Cu, 
-Na, -K and -Ca. Also load ing on t h i s component are Fe, A l , Pb and -pH 
a l though the l e v e l s o f these load ings are low. The two analyses are d i f f e r e n t 
i n t h e i r v a r i a b l e composi t ion f o r components 3 and 4 . Component 3 i s 
cha r ac t e r i s ed by h i g h load ings o f -Pb, - Z n , and Si f o r the 217 dataset and 
-Pb , temperature and -pH f o r the 101 da tase t . Ccmponent 4 i s cha rac te r i sed by 
temperature and - S i and to lesser ex ten t - C I i n the 217 dataset and PO4-P and 
NSPEC i n the 101 da ta se t . The 5 th component i s i d e n t i c a l i n bot i i analyses and 
i s i d e n t i f i e d by the h igh NO3-N l o a d i n g . The g rea te r v a r i a t i o n i n the smal ler 
101 da tase t as represented by the e x t r a component i s explained i n terms o f an 
S i , NSPEC, -NO3-N component w i t h the s igns f o r NO3-N and Si suggesting t h a t 
they ac t i n a n t i p a t h y . 
These r e s u l t s suggest t h a t the major source o f v a r i a t i o n i s the r e l a t i v e 
l e v e l o f a c i d . Wliat a d d i t i o n a l v a r i a t i o n i s present i s due to ttie h ig t i value 
o f c e r t a i n s p e c i f i c v a r i a b l e s . Of these Cu i s perhaps the most i n t e r e s t i n g 
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Table 4.33-1 
P r i n c i p a l components a n a l y s i s o f the 217 and 101 chemical datasets 
opponent 1 2 3 4 5 6 
Dataset 217 101 217 101 217 101 217 101 217 101 217 101 
Rotat ion * * 
Eigenvalue 9.6 e .2 .6 4.1 1.7 2.0 1.3 1 .5 1.0 1.2 0. 7 1.1 
% v a r i a t i o n 42.8 34 .3 15.6 17.1 7.3 8.2 5.8 6.4 4.5 4.8 3. 3 4.7 
cur.ulated % 4? .8 .3 58 .5 51.3 65.7 59.6 71.5 66 .0 76.0 70.9 79. 3 75.5 
n. 771 0. 651 a. 196 0.363 0.046 -0.017 0.041 - 0 . 103 0.081 -3.129 -0.271 
a c i d i t y iJ • 834 0. 692 -0. 122 -0.042 -{3.029 0.350 3.211 0. 272 -3.177 -3.136 0.165 
pn - 3 . 544 - 0 . 443 - 0 . 542 -i3.366 0.358 -0.524 -0.193 0. 206 3.395 0.C&O -0.221 
oondLictivity 3. S54 0. 865 3. 164 0.176 -0.035 -3.062 0.001 n 035 -0.07o -3.196 -0.060 
K3 B. 517 0. 695 -0. 737- -0.536 0.094 -0.067 -0.064 0. 146 -J.011 -J .002 -0.001 
K 037 0. 018 • --i). 756 -0.662 0.389 -0.318 -3.144 3. 295 -3.213 -3.224 -0.186 
fVji 0. 799 0. 770 - 0 . 373 -0.253 0.005 0.024 0.042 0. 183 -3.09:. -0.183 -3.035 
Ca 0. 615 0. 550 -0. 619 -0.668 -o.:^9i -0.054 -V). 079 - 0 . 325 0.101 3. .82 -0.014 
Zn 0. 502 0. 095 0. 449 C.648 0.522 -0.116 -0.103 0. 479 -3.117 0.2S2 0.095 
Cu 0. 199 0. 042 0. 828 0.912 0.195 0.062 —0 • 00 0. 105 -0.361 -3.043 0.070 
Mn 0. 903 0. 813 - 0 . 174 -0.236 0.025 -0.094 -0.093 0. 165 -0.054 3.125 0.119 
Fe 0. 833 0. 796 0. 345 0.321 -0.132 0.071 0.055 - 0 . 112 -0.032 -0.13.3 -0.119 
A l 0. 839 0. 713 0. 296 0.510 0.321 0.023 -0.019 0. 041 -0.310 -0.015 0.029 
Pb 0. 543 0. 079 0. 262 0.545 0.557 -0.649 -J .298 0. 264 -0.097 -3.066 -0.051 
Co 3 . £34 0. 837 0. 022 0.130 0.105 0.031 0.018 0. 271 3.033 3.086 -0.086 
Ni 0. 895 0. 867 0. 005 0.010 0.J13 -0.228 -0.169 - 0 . 050 J . 114 0.059 -0.067 
PO4-P 0. 465 0. 435 0. 362 0.337 -0.27 7 -0.069 -0.121 - 0 . 534 3.337 3.3"3 - -0.049 
HO3-N 
5 0 j - S 
0. 636 0. - 0 . 377 -0.541 -0.022 0.040 0.225 M 393 3.^94 3.099 - -0.276 
0. 176 - 0 . 036 "U • 030 0.029 0.331 3.179 0. iVj ) . 191 3.757 0.713 - -0.432 
0. ;99 0. 833 — - 053 -0.004 -0.005 0.112 0.947 0. 396 - 3 . i:;i -3.021 - 0.017 
C l a. 541 a. 410 -•J. 271 -0.178 0.012 - y . i i i - 0 . ' 1 ' » - 3 . 105 3.156 0.416 - 0.361 
s i 0. 199 0. 540 035 -0.149 -•,J.C.29 -3.265 -0.559 - 0 . 30C 3.';i4 0.116 - 0.462 Temperature 0. 476 0. 153 151 -0.254 "3.226 0.813 0.631 0. 137 -0.23:3 0.160 0.132 
NSPEC - , ) . 327 -0.213 -0.014 0. 519 0.133 0.442 
(* ind ica te s that a ccm poni lit ha s been r e f l ected tliroucjh 180 de.'.:'-rilisd in iX-ction 3. 42) 
and i t s e x c e p t i o n a l l y i i i g h load ing on component 2 i s o f considerable 
importance. The absence o f an " ame l io r a t i ng component" as repor ted by Say e t 
a l . (1976) f o r the h igh Zn environment i s a l so no ted . I t ie low load ing o f 
NSPEC and PO4-P on component 4 i s no t e a s i l y expla ined and may w e l l be an 
a r t e f a c t o f the data subset s ince t l i e re i s no s i m i l a r corresponding component 
i n the 217 da t a se t . Component 5 stands out as anomalous s ince o n l y NO3-N 
loads on i t a t any apprec iab le l e v e l - a l though NO3-N does also load on the 
genera l ac id component 1 . Component 6 i n the 101 dataset i s o f spec ia l 
i n t e r e s t s ince i t inc ludes load ings f o r NSPEC and Si w i t h -NO3-N. This 
suggests t h a t a weak l i n k e x i s t s between the number o f species a t a s i t e and 
the Si l e v e l . Th i s obse rva t ion i s o f importance because o f the diatom 
requ i ranen t f o r S i . The load ing o f Si on components 1 , 4 and 6 f o r the 101 
da tase t and 3 and 4 f o r the 217 dataset suggest a h i g h l y complex v a r i a t i o n 
p a t t e r n f o r t h i s v a r i a b l e . The complex v a r i a t i o n p a t t e r n f o r pH suggests t h a t 
i t i s a c t i n g independent ly o f the o ther v a r i a b l e s . I t i s h i g h l y probable t h a t 
t h i s independence i s due to the nature o f the da tase t s p e c i f i c a t i o n mechanism 
as o u t l i n e d i n Sect ion 4.21 and t h e r e f o r e r e f l e c t s the b ias in t roduced by the 
use o f pH as the so le data s e l e c t i n g c r i t e r i o n v a r i a b l e . 
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4.4 Cluster analysis 
4.41 Introduction 
I n 4 .4 the r e s u l t s o f the va r ious c l u s t e r analyses are presented. 
Sec t ion 4.42 presents a coraparison o f the 8 d i f f e r e n t h i e r a r c h i c a l c l u s t e r 
techniques used. The s i m i l a r i t y i n r e s u l t s suggest t ha t the r a t i o n a l e o f 
examining o n l y the t w most d i s s i m i l a r methods wiien other data are being 
examined i s c o r r e c t (see 2 . 2 4 8 ) . The c l u s t e r l e v e l s and c l u s t e r s obta ined as 
d i sp l ayed by the va r ious dendrograms presented are discussed both f o r the 
chemical and b i o l o g i c a l analyses i n Sect ion 4 .43 . F i n a l l y the species 
c l u s t e r i n g s are presented (Sect ion 4 . 4 3 ) . 
4.42 Comparison of c l u s t e r techniques 
The e i g h t h i e r a r c h i c a l methods used have the f o l l o w i n g c h a r a c t e r i s t i c s 
which have been observed be fo re (Wishar t , 1978): 
1 . S ing l e l i n k a g e 
Def ines the s i m i l a r i t y between c l u s t e r s P and Q to be the h ighes t 
s i m i l a r i t y c o e f f i c i e n t between the two i n d i v i d u a l s one from each c l u s t e r . 
S ing le l i n k a g e tends to f i n d " s t r a g g l i n g " c l u s t e r s and o f t e n ends merely 
i n c h a i n i n g i f l a rge popu la t ions are being i n v e s t i g a t e d ( f o r example the 
269 c h e m i s t r i e s d a t a s e t ) . 
2. Complete l i n k a g e 
Def ines t i i e s i m i l a r i t y between c l u s t e r s as the smal les t s i m i l a r i t y 
c o e f f i c i e n t between i n d i v i d u a l s one from each c l u s t e r . Complete l i nkage 
f i n d s s p h e r i c a l c l u s t e r s but i s l i a b l e to produce i r r e g u l a r r e s u l t s 
because the s i m i l a r i t y c r i t e r i o n i s determined f o r o n l y two i n d i v i d u a l s 
and does not measure group s t r u c t u r e . 
3. Cen t ro id s o r t i n g 
Def ines the s i m i l a r i t y as the average o f a l l the s i m i l a r i t y c o e f f i c i e n t s 
f o r p a i r s o f i n d i v i d u a l s one from each c l u s t e r . This method found 
s p h e r i c a l c l u s t e r s and i s t h e r e f o r e p r e f e r a b l e to the complete l i nkage 
method s ince i t does at tempt to take account o f group s t r u c t u r e . 
4. Cen t ro id s o r t i n g 
Sect ion 4.42 
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Computes the c e n t r o i d o f c l u s t e r s P and Q as the mean vec tor f o r t l ie two 
c l u s t e r s then c a l c u l a t e s the Eucl idean d i s tance between these i n the usual 
way. This method r e s u l t e d i n cha in ing o f the 269 da t a . 
5. Median method 
Def ines the s i m i l a r i t y o f R to P-ng as the d i s tance from the c e n t r o i d of H 
to t l ie m i d p o i n t o f the l i n e j o i n i n g thie c e n t r o i d s o f P and Q. The t r i v i a l 
two c l u s t e r case i s c l e a r l y the midpo in t o f ttie l i n e j o i n i n g t h e i r 
c e n t r o i d s . This method l i k e t i ie median method i s l i m i t e d to d is tance 
s i m i l a r i t y c o e f f i c i e n t s and chained both the 125 and 269 da tase t s . 
Def ines the e r r o r sum o f squares as the sum o f the dis tances f rom each 
i n d i v i d u a l t o the c e n t r o i d o f the c l u s t e r . The technique merges the two 
c l u s t e r s wtiich y i e l d t t ie l e a s t increase i n the e r r o r sum of squares. The 
method i s h i g h l y to be recommended s ince i t f i n d s minimum var iance 
s p h e r i c a l c l u s t e r s . 
7. F l e x i b l e BETA 
The s i m i l a r i t y between H and P+Q i s d e f i n e d as the v a r i a b l e 
t r a n s f o r m a t i o n : 
s(H,P+<)) = ( (s(R,P)+s(R,Q)) * ( l -BETA)/2 + s(P,Q) * BETA . . . 1 
vyhere BETA i s a parameter having a value less than 1 (-0.25 was used as 
suggested by Lance & W i l l i a m s , 1967) . The r e s u l t s here show a marked 
s i m i l a r i t y t o those obta ined f rom Ward's method. 
8. M c Q u i t t y ' s method 
Uses the t r a n s f o r m a t i o n : 
s(R,P-H3) = (s(R,P) + s(R-H3)) / 2 . . . 2 
Th i s method produced s i m i l a r r e s u l t s to Ward's method both f o r the 125 
data and the 269 da t a se t s . However Wishar t observed t ha t t h i s method w i l l 
cha in w i t h l a r g e popu la t ions ! 
These 8 methods were used on the t ransformed 125 chemis t r i e s dataset v^ere 
miss ing data were replaced by the mean as o u t l i n e d i n Table 4 .15 -2 . They 
|)ro(iuccd t l ie cienclrograms o f s i t e s wtiich are compared i n Table 4 . 4 2 - 1 . 
I t can bo :;een tha t the group o f techniques c o n s i s t i n g o f Ward's metliod, 
the f l e x i b l e BLT'A method and M c O u i t t y ' s method produce t l ie most cross 
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Table 4.42-1 
Cophenetic corre la t ions among 8 d i f f erent c l u s t e r tectiniques 
V I V 2 V 3 V 4 V 5 V 6 V7 V8 
V I 
l i a k a g e 
1 . 0 0 0 0 . 5 1 9 7 
. 6 7 2 1 
. 7 1 6 4 
. 8 6 8 7 
. 7 8 2 2 
. 9 1 5 7 
. 4 3 9 7 
. 5 3 G 9 
. 5 8 5 1 
. 7 3 4 4 
. 5 3 4 5 
. 7 3 3 5 . 7995 
\ 7 c o n p l e t e 
l i n k a g e 
. 7 1 8 5 1 . 0 0 0 0 . 7 3 4 0 
. 7 9 6 7 
. 6 7 0 8 
. 7 5 2 3 
. 4 2 8 3 
. 4 2 5 2 
. 7 8 3 0 
. 8 3 9 4 
. 7 7 6 3 
. 8 2 9 3 
. 7 7 8 4 
. 8 2 8 3 
V 3 a v e r a g e 
l i n k a g e 
. 8 8 5 3 . 8 0 3 1 1 . 0 0 0 3 . 8 8 4 8 
. 9 5 0 2 
. 5 8 7 8 
. 6 2 4 4 
. 8 3 4 4 
. 8 8 6 3 
.H363 
. 8 9 1 3 
. 8 3 3 0 
. 9 3 2 3 
V 4 centroid 
method 
. 8 7 8 1 . 6 9 8 9 . 9 4 7 3 1 . 0 0 0 0 . 5 8 6 2 
. 6 0 6 8 
. 7 5 4 0 
. 8 4 9 4 
. 7 5 0 1 
. 8 4 4 1 
. 8 2 1 6 
. 9 0 1 4 
V 5 i r c d i . m 
metlKxl 
.'1292 . 4 1 5 4 . 5 0 1 9 . 4 2 7 5 1 . 0 0 0 0 . 5 7 6 0 
.6354 
.59:18 
. 6 2 1 0 
. 6 1 1 2 
. 6 2 6 3 
V 6 W a r d ' s 
meUxxl 
. 7 8 5 4 . 8 3 5 4 . 8 7 1 8 . 7 6 6 5 . 5 0 4 4 1 . 0 0 0 0 . 9 4 4 2 
. 9 7 3 5 
. 8 9 0 7 
. 9 5 0 9 
V ? f l e x i b l e 
B E I A 
. 7 8 5 7 . 8 9 0 2 . 8 7 4 2 . 7 6 7 1 . 5 1 3 1 . 9 9 3 0 1 . 0 0 0 0 . 9 1 9 1 
. 9 7 2 2 
V 3 M<.:Qtiitty'3 . 8 1 7 2 . 8 7 2 9 . 8 9 9 3 . 7 9 7 8 . 5 4 3 1 .9511 . 9 7 6 6 !. . O 0 3 J 
{i'l-,,) ha] f di,i,jop,.'] ni. itrix contain.'; Kcndals and yii'riC.Acur, i.ii.k .•• i tnii 
i,-,)etl;ici'jnL'; U:>V:."\n h.jll: contain:; l'oar:;on:; c o r r e l a ' i ' H i c .id i . i cu .r i t . i i -• 7 7 4 9 ) 
correlated dendrograms. The method v\^ich i s l eas t cross correlated i s the 
median method. The use of Ward's method, the median method and one of tlie 
l inkage methods (average linkage) would seem to the give a range of possible 
c l u s t e r i n g s as a bas i s for d i scuss ion . However, although a l l these methods 
were used, only the re su l t s of the use of Ward's method are presented. 'Iliis 
i s because of the degree of chaining v^ich the Median method introduced, and 
the considerable s i m i l a r i t y of the dendrograms. 
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Table 4.43-1 
Dendrogram produced by Wards .Metliod o f the 269 a c i d c h e m i s t r i e s 
ssss.TT straarn and reach numbers are as t n Table 511-1 p i5g 
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4.43 Cluster l e v e l s and c l u s t e r s obtained 
The dendrogram of Ward's method using the 269 c h a n i s t r y samples dataset 
i s presented i n Table 4 . 4 3 - 1 . This con ta ins a l l t l ie impor tant f e a tu r e s o f the 
a n a l y s i s which w i l l be brought out and d i s p l a y s the advantages o f the use o f 
Ward's method i n c l u s t e r i n g tliese da ta : 
1 . t i g h t ( s p h e r i c a l ) c l u s t e r s w i t h an absence o f cha in ing 
2 . low i n i t i a l s i m i l a r i t y l e v e l s suggest ing c l u s t e r i n g based on geograpi i ica l 
p r o x i m i t y o f sample s i t e s 
3. h i g h f i n a l l e v e l s o f i n t e r - c l u s t e r s i m i l a r i t y suggesting t h a t the 
geographica l u n i t s ( i n t e r s i t e ) s i m i l a r i t y i s s i g n i f i c a n t l y g rea te r t l ian 
any i n t r a s i t e s i m i l a r i t y 
4 . the long t a i l o f Brandon sample / s i t e s . 
Closer i n s p e c t i o n o f the dendrogram i n Table 4 .43-1 suggests t h a t the 9 
c l u s t e r l e v e l g i v e s the most meaningfu l separa t ion o f s i t e s based on the 
c l u s t e r i n g o f t h e i r c h e m i s t r i e s . The streams and (where re levant ) reaches 
v ^ i c h t h i s represent a re : 
1 . 0154 & 0152 Streams a t W e s t f i e l d , 0135 Denby A, 0137 Polesworth , 0128 
W a l k m i l l , 0132 C h i s n a l l H a l l A, 0158 C h i s n a l l H a l l B, 0159 C h i s n a l l H a l l 
C, 0134 G i b f i e l d , 0133 Welsh W h i t t l e , 0127.04 Brandon (04) 
2 . 1004 Bois de C o r n i l l i o n , 0130 Ftowley A, 0157 Rowley B, 0132 C h i s n a l l H a l l 
A, 0135 Denby A, 0160 Denby B, 0140 Kingsbury , 0139 B i r c h Coppice, 0131 
Deerplay , 0129 Oat lands , 0136 Cannock, 0128 W a l k i n i l l , 0159 C h i s n a l l H a l l C 
3. 0153 W e s t f i e l d , 3016 Soussu Seepage, 0100 Dowgang, 9016 West Fork USA, 
9009 Tanta lus Creek USA, 9010 Root Pool USA, 0119 Rake Sike A, 0120 Rake 
Sike B 
4. 9001 Bur ra -Bur ra Creek T r i b . , 9004 Sh inn i s ton , 9005 Lumberport, 9006 
Lamberts Run, 9007 East Morgantown , 0127 Brandon (reaches 
02 ,03 ,04 ,05 ,06 ,07 ,08 ,09 ,10 ,11) 
5. 9008 Lemonade Creek, 9009 Tanta lus Creek, 9011 T r i b . Near Monarch Geyser, 
9012 Near Monarch Geyser 
6. 0213 Parys I r o n F lush , 0214 Parys lagoon A, 0215 Parys lagoon B, 0216 Afon 
Goch East , 0217 D y f f r y n Adda a d i t , 0218 Parys South West a d i t , 0220 Adeer 
e f f l u e n t A, 0221 Adeer e f f l u e n t B 
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7 . 2003 T igroney 850 A, 2004 Tigroney 850 B, 2006 Tigroney Grass l e v e l , 2007 
Tigroney Barrack l e v e l , 2014 Tigroney 850 C 
8. 0127 Brandon (reaches 01 ,02 ,03 ,04 ,05 ,06 ,07 ,10 ,11 ) , 2015 Red Road Stream, 
0066 Lowlands s i t e , 0022 Red Burn, 0138 B r i d f o r d , 0100 Dowgang 
9. 0127 Brandon (reaches 04 ,07 ,08 ,09 ,10 ,11 ,12 ,13 ) , 0125 Brandon Pithouse 
Streairi B. 
I n s p e c t i o n o f the dendrogram i ; . Table 4.43-2 of the 125 chemis t ry 
samples d a t s e t suggests a 7 c l u s t e r separa t ion o f s i t e s based on the 
c l u s t e r i n g o f t l i e chemis t ry d a t a . The c l u s t e r s a r e : 
1 . W e s t f i e l d , Polesworth , C h i s n a l l H a l l A, C h i s n a l l H a l l B, C h i s n a l l H a l l C, 
G i b f i e l d , Welsh W h i t t l e , Brandon ( 0 4 ) , Rowley A, Rowley B, Kingsbury, 
Denby A, Denby B. 
Which corresix)nds v^ell w i t h c l u s t e r s 1 and 2 of the 269 data 
2 . Rowley A, Rowley B, B i r c h Coppice, C n i s n a l l H a l l A, C h i s n a l l H a l l C, 
Deerplay , Oat lands, Cannock, W a l k m i l l , Denby B, 
C l u s t e r s 1 and 2 seperate the Spring and Autumn data f o r the same s i t e s 
This f i n e separa t ion i s obscured by the l a rge q u a n t i t y o f data present i n 
the 269 dataset 
3. Lowlands, Red Road Stream, Brandon (01 ,02 ,03 ,04 ) , B r i d f o r d , Welsh W h i t t l e , 
This c l u s t e r i d e n t i f i e s w i t h c l u s t e r 8 of the 269 da tase t . The i n c l u s i o n 
o f the Welsh Vvhi t t l e s i t e suggests a l i n k w i t h c l u s t e r 1 
4 . A l l Avoca s i t e s . 
This c l u s t e r i s i d e n t i c a l to c l u s t e r 6 of the 269 dataset 
5. W e s t f i e l d , US mining , Soussu Seepage, 
This c l u s t e r i s s i m i l a r t o c l u s t e r 4 o f the 269 dataset however, the 
W e s t f i e l d s i t e and t l ie French Soussu Seepage s i t e s are anomalous 
6. Parys Mounta in , Adeer e f f l u e n t 
This c l u s t e r i s i d e n t i c a l to c l u s t e r 7 o f the 269 dataset 
7 . US Yel lowstone s i t e s 
Th i s i s i d e n t i c a l to c l u s t e r 5 o f the 269 da tase t . 
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Table 4.43-2 
Dendrogram produced by Wards Method o f the 125 ac id c h e m i s t r i e s 
s s s s T T strreaoN and reAcK AoAxbers are as IA \ Table 5 l i - i p.lsg 
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The marked s i m i l a r i t y i n the c l u s t e r s of the two datasets e s p e c i a l l y i n 
the separation of the Brandon s i t e s , the USA raining, USA Yellowstone, Avoca 
and Parys Mountain s i t e s although s t r i k i n g i s not altogether s u r p r i s i n g since 
the chemical data on v\tiich the c l u s t e r i n g s are based are i d e n t i c a l . Hhe 
English non-Brandon s i t e s c l u s t e r i n t o three groups i n the 269 dataset wtiich 
coalesce a t l e v e l s above t h a t selected f o r c l u s t e r i d e n t i f i c a t i o n and 
s e p a r a t i o n . The reasons f o r t h i s three c l u s t e r separation are not c l e a r . I n 
the 125 dataset these same s i t e s c l u s t e r i n t o two groups v ^ i c h may be l o o s e l y 
i d e n t i f i e d as a spring data c l u s t e r and a l a t e summer/autumn data c l u s t e r . I n 
both data subsets these c l u s t e r s coalesce before being j o i n e d by the 
non-English s i t e s . I t i s probable t h a t the three c l u s t e r separation of the 
non-Brandon English s i t e s i n the 259 dataset f o l l o w s some complex p a t t e r n 
probably s i m i l a r to the spring/autumn separation of the 12b dataset but t h a t 
t h i s i s being masked by the l a r g e number of s i t e s considered and probably also 
the l arge number of m u l t i p l e Brandon samplings. 
I n s p e c t i o n of the three main c l u s t e r s c o n t a i n i n g Brandon s i t e s i n the 
269 dataset ( c l u s t e r s 4,8 & 9) suggests a three way d i v i s i o n of these s i t e s . 
The d i v i s i o n i s i n t o reach 01, reaches 02 - 11 and reaches 12 & 13 and 
represent an upstream - downstream chemical p o l a r i t y w i t h reaches 02 - 11 
being capable o f moving toward e i t h e r pole. Alvrays associated w i t h the 
"downstream pole" i s tl:ie Brandon Pithouse stream B (see also Section 5.22). 
The 269 dataset cannot be r e l i e d on f o r f u r t h e r analyses because of the 
l a r g e amount of v a r i a t i o n introduced i n t o the dataset by the q u a n t i t y of data 
and the number o f m u l t i p l e Brandon samplings. One of the major facets o f the 
a n a l y s i s masked by t h i s problon i n the 269 dataset i s the c l u s t e r i n g together 
of the Avoca and Brandon s i t e s which can be seen e a s i l y i n the 125 dataset. 
This new c l u s t e r , then c l u s t e r s w i t h the non-Brandon English s i t e s t o g i v e a 
B r i t i s h data c l u s t e r - which then c l u s t e r s w i t h the American/Parys Mountain 
data. Alttiough these nigher l e v e l c l u s t e r s are l o o s e l y defined they do 
suggest a f f i n i t i e s v>*iich should be examined f u r t h e r . 
The dendrogram i n Table 4.43-3 i s of s i t e s based on the b i o l o g i c a l 
presence/absence data found i n the 125 dataset and was produced using Ward's 
method of c l u s t e r i n g an Euclidean distance s i m i l a r i t y m a t r i x . 'Lhe 8 c l u s t e r 
l e v e l was chosen f o r a n a l y s i s . The s i t e s v ^ i c h form these c l u s t e r s do not 
f o l l o w a geographical p r o x i m i t y p a t t e r n as was discernable i n the 125 
c h e m i s t r i e s dataset. Comparison w i t h Table 6.14-1 which contains the 
l i n e a r i s a t i o n o f s i t e s a f f orded by the dendrogram i n Table 4.43-2 against 
species abundances wliere the order of species i s the minimum pH a t which t h a t 
Section 4.43 
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Table 4.43-3 
Dendrogram produced by Wards Method of the 125 s i t e s based on the 
presence/absence b i o l o q i c a l data 
ssss-'YT sWeAm a-M reach auovbefs a^ re as loTabie 6H-i pl5^ 
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had been found (minimum occurrence pH) suggests t h a t the c l u s t e r s are 
i n some way l i n k e d to pH or v a r i a b l e s associated w i t h pH. In general s i t e s 
w i t h lower pH c l u s t e r together before being j o i n e d by s i t e s (wiiich may already 
be i n c l u s t e r s ) a t higher pH. Thus i n Table 6.14-1 s i t e s near a r i g h t c l u s t e r 
boundary have higher pH i n general than those on the l e f t c l u s t e r boundary. 
( I t must; however, must be borne i n mind t h a t s i t e s (or c l u s t e r s ) w i t h i n a 
c l u s t e r are f r e e t o r o t a t e about j o i n p o i n t s and examination of the tW3 t a b l e s 
i n c o n j u n c t i o n must be made to v e r i f y the observation.) 
Table 4.43-'V contains the dendrogram of the species based on t l i e 
b i o l o g i c a l presence/absence data. I f the 13 c l u s t e r l e v e l i s examined a two 
way d i v i s i o n of c l u s t e r s may be observed. I t i i s d i v i s i o n i s i n t o tl i e s i n g l e 
species c l u s t e r s (v i ^ i c t i are the more or less u b i q u i t o u s l y d i s t r i b u t e d species 
w i t h regards t o pH) and m u l t i p l e species c l u s t e r s . Further examination 
reveals t h a t the more s i t e s t h a t two species occur a t , the more l i k e l y those 
two species w i l l be d i s s i m i l a r i n t h e i r d i s t r i b u t i o n and hence the l e s s l i k e l y 
they are t o occur i n the same c l u s t e r . This suggests t h a t those species which 
occur together o n l y i n species poor s i t e s (by chance or n a t u r a l l y ) w i l l be 
s t r i k i n g l y w e l l c l u s t e r e d together. This observation w i l l probably be t r u e o f 
any extreme environment v^ere a range of species tolerance i s present and 
probably represents an a r t e f a c t of the equal weight placed on a species 
absence v^^ich may or may not be v a l i d . A l t e r n a t i v e l y i t may be an a r t e f a c t of 
the g r e a t e r care taken i n e s t a b l i s h i n g t l i e completeness of the species 
complement o f species poor s i t e s (vvhich i s another way of saying t h a t e x t r a 
weight i s being placed on species absence). 
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Table 4.43-4 
Dendrogram of species produced by Wards method using the 125 presence/absence 
data 
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4.5 Species p« s e n s i t i v i t y and related s t a t i s t i c s 
4.51 Introduction 
The 91 species (63 l i v e & 28 dead) found on performing a "bydate" 
expansion of the a c i d samples are more f u l l y d e a l t w i t h i n Section 3.4. 
However, of p a r t i c u l a r i n t e r e s t i s the r e a c t i o n of a species to a lowering of 
pH, and more e s p e c i a l l y the pH a t v^hich a species ceases to be v i a b l e . The pH 
a t which a species i s " s i g n i f i c a n t l y " absent or over abundant i s represented 
using the novel chi-square r a t i o described i n 2.249. 
Only the 30 photosynthethic species which were present l i v e i n 3 or more 
samples are presented here although a l l photosynthetic species present l i v e 
were used to generate the s t a t i s t i c s . 
4.52 Reaction types recognised and the i n v i a b i l i t y l e v e l 
The Table of f i g u r e s 4.52-1 presents f o r each species three histograms 
representing the absolute l e v e l (count o f occurences), r e l a t i v e l e v e l 
(percentage of t o t a l count) and species chi-square r a t i o f o r the species 
considered. Each histogram has tJ-ie same a x i s d i v i s i o n s f o r pH. 'Itie b i n 
l e n g t l i s a r e , wtiere r e l e v a n t , scaled p r o p o r t i o n a l to the l a r g e s t b i n length and 
t h i s maximun f i g u r e i s noted i n the diagram, i t i e u n i t s f o r the histogram b i n 
l e n g t i i s are r e s p e c t i v e l y number of i n d i v i d u a l s , percentage of i n d i v i d u a l s i n a 
b i n verses the t o t a l number of species i n t h a t b i n and an a r b i t a r y chi-square 
u n i t . The f i r s t histogram shows the d i s t r i b u t i o n of the species over the 
r e s t r i c t e d pH range, the second t l i e r e l a t i v e importance o f t h a t species as a 
c o n t r i b u t o r t o the species complement o f the respective pH b i n and the t h i r d 
attempts t o a t t a c h some measure of importance t o the presence or absence of 
the species from a b i n . 
Considering the r e l a t i v e percentage histograms, 4 types of d i s t r i b u t i o n 
can be recognised, which w i l l be described here using examples drawn from 
Table 4.52-1. 'lype 1 i s characterised by Hormidium r i v u l a r e and d e p i c t s a 
c h a r a c t e r i s t i c steady f a l l o f f o f a species as the pH i s lowered. This i s 
shown i n Table 4.52-2 which i s the rel e v a n t diagram i n Table 4.52-1 repeated 
w i t h the r e l a t i v e percentage histogram drawn to a l a r g e r scale. Above pH 4.0, 
i t i s assumed t h a t the species i s healthy and i n i t s more normal form. lYie 
species disappear below some more or loss exact cut offpH l e v e l - or pH range. 
I f the disapfxjarance i s due Lo an exact cut ntl l e v e l tfie l i n e "A" (Table 
Section 4.52 
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Table 4.52-1 (^ pp li+a-m*^ ) 
Species pH s e n s i t i v i t y over the pH range 0.9 - 4.0 
"Pin 1 n'Ti;I"!s vr,!^v "h^ c p I c^n •"''t'^'^ -Pt-.-ITI Pi.^.'^ri i"Vinv>i^; 
MAXl ( i s a. v a r i pble count of oocriri^rnps) - nnri, i« 
MAX? ( i s f i x e d at 50^) - n i n r n r ^ •^or^'if-^rj t o don "hi o 
the r e l a t i v e 5'; values >• 50;' are scaled t o 50??. 
IVTAX3 ( i ' ^ a va-rir'hlp ohi-pnupre) - and I s 
the lonp;est b i n ; scaled t o lOCK-. 
( f o r f u r t h e r descri-otion see Section 4.5? p. 141) 
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Table 4.52-2 
Species r e a c t i o n type 1 (Hormidium r i v u l a r e ) 
1 52902 N = 31 
1. 87 
1 . 67 
1 . 48 
1 . 29 
1 . 09 
A.52-2) probably best describes the r e a c t i o n type, i f a pH range i s expected 
then the bottom of the range would splay out as shown by the shaded ares. 
Reasons f o r a range being the t r u e representation of t h i s r e a c t i o n type would 
be a m e l i o r a t i o n or synergism due to other v a r i a b l e s . 
Type 2 i s characterised by Euglena m u t a b i l i s . This shows a sudden f a l l 
o f f a t a s p e c i f i e d pH l e v e l . I n r e a l i t y t h i s f a l l - o f f may be a compressed 
f a l l o f f of type 1 v/hich i s being masked by a lack of data and the width of 
the pH b i n s . Above pH 4.0 (Section 6.12) tl:ie species may or may not be 
present. This type of d i s t r i b u t i o n i s taken to i n d i c a t e t h a t the species i s a 
dominant i n t h a t i t i s always associated w i t h the pH l e v e l of the peak. 
Further more d e t a i l e d s t u d i e s based on the species abundance value confirms 
t h a t t h i s i s u s u a l l y the case. 
'lypes 3 and 4 may be expressions of the same d i s t r i b u t i o n . Type 3 i s 
c h a r a c t e r i s e d by Cyanidium caldarium and may be described as a g e n t l e r i s e t o 
some peak and tlien Type 1 f a l l o f f . The curve above pH 4.0 may or may not be 
present, may or may not r i s e again but i s probably very important. The 
i n t e r p r e t a t i o n , which because of the p a u c i t y of data i s extremely t e n t a t i v e i s 
t h a t there i s some p r e f e r r e d low pH value a t v\^ich the species i s capable of 
e x i s t i n g . Another r e l a t e d explanation i s t h a t the species i s t r u e l y a c i d i c i n 
nature and can thus be expected to show a s l i g h t r i s e at the t a i l (low pH end) 
of i t s d i s t r i b u t i o n because of the disappearance of ottier species as the pH 
Section 4.52 
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Table 4.52-3 
Species r e a c t i o n type 2 (Euglena m u t a b i l i s ) 






















1 . 67 
1 . 48 
1 . 29 
1 . 09 
0. 90 
Section 4.52 
Reaction types recognised and t l i e i n v i a b i l i t y l e v e l Page 152 
Table 4.52-4 
Species r e a c t i o n type 3 (Cyanidium caldarium) 
02 130 1 
f a l l s . This " t a i l peaking" i n the r e l a t i v e (main) histogram w i l l be seen as a 
" f l a t t a i l " i n the absolute ( t o p r i g h t ) histogram - a feature v i s i b l e i n the 
t a i l of the histogram f o r Euglena m u t a b i l i s f o r example. I f , because of the 
p a u c i t y o f data a t a higher pH o n l y the " f l a t t a i l " of low pH data were 
present then o n l y the " t a i l peaking" would be expected and r e a c t i o n type 3 
generated. 
Reaction type 4 i s characterised by P i n n u l a r i a a c o r i c o l a which shows two 
or more peaks. One peak may be explained by " t a i l peaking" a t the lower end 
of the pH range. The peak a t the upper pH l i m i t suggest t h a t the species i s 
present (abundently - not shown) above pH 4.0 and the t l i i r d , middle peak may 
suggest some p r e f e r r e d low pH l e v e l . I f t h i s a n a l y s i s i s c o r r e c t then the 
absolute abundance curve should snow two peaks and tl i e f l a t t a i l v«Aiich can be 
seen t o be the case f o r P i n n u l a r i a a c o r i c o l a . With t h i s s o r t of r e a c t i o n type 
vrtiere two pH optima are present an important possible explanation of the 
d i s t r i b u t i o n i s t h a t there i s an overlap o f two v a r i e t i e s of the same species. 
The "low pH" v a r i e t y accounting f o r the t a i l peaking and h a l f of the middle 
peak i n the r e l a t i v e histogram and the "normal" v a r i e t y showing type 1 f a l l 
o f f which overlaps the "low pH" curve a t the middle peak. T l i e i r ccmbined 




Species r e a c t i o n type 4 (P i n n u l a r i a acoricola) 
1 02069 = 59 
I . 87 
1.48 
1 . 29 
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4.53 Species reactions ( s p e c i e s l i s t order) 
Cyanidium caldarium f o l l o w s a type 3 d i s t r i b u t i o n . However, w i t h o nly 5 
l i v e occurrences few conclusions may be made. I t i s noticeable t h a t i t peaks 
w i t h i n the range 2.26 - 2.45 and does not occur below pH 2.06. 
Euglena m u t a b i l i s shows the c h a r a c t e r i s t i c dominance of the low pH 
environment i n t h i s a n a l y s i s i t s adaptation as a t r u e acid species may be 
recognised by the t a i l peaking between pH 2.06 and 1.29. I t s absence i s 
s i g n i f i c a n t and occurs a t both ends of the d i s t r i b u t i o n as characterised here. 
I t s steady f a l l - o f f i n absolute terms may be a r e f l e c t i o n of the absence of 
data i n terms o f low pH s i t e s between 2.45 and 1.29. 
L e p o c i n c l i s ovum f i t s a Type 3 d i s t r i b u t i o n but too few data are present 
t o a l l o w f u r t h e r comments t o be made. I t does not occur below a pH o f 2.45 i n 
t h i s d a t a s e t . 
I f the cryptomonads are considered togetner they show a type 3 
d i s t r i b u t i o n - disappearing below a pH of 2.45. 
Gloeochrysis t u r f o s a shows ti i r e e peaks vhen the r e l a t i v e histogram i s 
examined. However, t h i s i s not a type 4 r e a c t i o n because the absolute 
histogram o n l y shows one peak - and a f l a t t a i l i ^ i i c h w i l l r e s u l t i n t a i l 
peaking. Examination of b i n 3.22 - 3.42 suggests t h a t two f a c t o r s need 
c o n s i d e r a t i o n , the low number of aggregates f o r t h i s b i n and the high f i d e l i t y 
o f Gloeochrysis t u r f o s a to t h i s b i n - and the lack of f i d e l i t y o f ot l i e r 
species. Given t h i s explanation Gloeochrysis t u r f o s a can be seen t o f o l l o w a 
type 2 r e a c t i o n , w i t h the peak i n b i n 2.64 - 2.84 and disappearing below pH 
1.67. 
Eunotia exigua shows steady f a l l o f f from pH 4.0 down. This i s e n t i r e l y 
c o n s i s t a n t and suggests a pH l i m i t f o r the species between 1.87 and 2.06. 
A l l the N i t z s c h i a spp. can be seen t o be acid species showing type 3 
d i s t r i b u t i o n s . However, f o r a l l the species the data are scanty. 
P i n n u l a r i a a c o r i c o l a shows ttiree peaks i n the percentage histogram. "Itie 
absolute data shows a steep r i s e t o two peaks and a gradual f a l l o f f . Iti e 
peak i n the percentage histogram a t 2.84 - 3.04 i s important viben the c h i 
r a t i o value i s examined. I f the trough between pH 3.22 and 3.61 i s r e a l and 
not an a r t e f a c t of scanty data over t h i s pH range then i t wauld be a strong 
reason t o b e l i e v e t h a t two v a r i e t i e s are i n t e r a c t i n g or t h a t the records o f 
species found above 3.03 must be t r e a t e d w i t h c a u t i o n . 
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The P i n n u l a r i a data suggest t h a t these species f o l l o w a type 3 
d i s t r i b u t i o n w i t h a gradual r i s e i n numbers to an optimum and then type 1 f a l l 
o f f . 
Anomoeoneis e x i l i s shows a type 3 reaction although the data are too 
sparse t o place any confidence on the i n t e r p r e t a t i o n . 
The d i s t r i b u t i o n of Zygogonium sp. shows t y p i c a l type 1 d i s t r i b u t i o n . 
A n alysis o f the histograms of Clamydomonas ac i d o p h i l a and Clamydomonas 
sp. are d i f f i c u l t because of the absence of these species from the pH bins 
1.87 - 2.06 and 2.26 - 2.64 r e s p e c t i v e l y and the general absence of tne 
species above a pH of 3.04. However, a t e n t a t i v e Type 3 d i s t r i b u t i o n may be 
proposed f o r these species. 
Too few data e x i s t t o a l l o w an an a l y s i s of Characium sp. however a type 
3 r e a c t i o n type i s probably a p p r o p r i a t e . 
'Ihe higher pH C h l o r e l l a s (those found above pH 4.0) and the lack of data 
(below pH 4.0) mask ^at could be a type 3 r e a c t i o n . 
Hormidium r i v u l a r e demonstrates type 1 d i s t r i b u t i o n w i t h gradual f a l l 
o f f . The minimum pH appearing t o l i e somev^ere i n the 2.06 - 2.26 b i n . 
D i c r a n e l l a sp. While t h i s i s not an abundant species, the histograms 
are e n t i r e l y c o n s i s t a n t w i t h a type 1 pH r e a c t i o n w i t h a minimun pH i n the b i n 
2.26 - 2.45. 
Too few data e x i s t to a l l o w comment on the r e a c t i o n types o f Hormidium 
pseudostichococcus and Stichococcus sp. However, the data a v a i l a b l e are not 
i n c o n s i s t a n t w i t h a type 3 r e a c t i o n to pH. 
Drepanocladus f l u i t a n s appears to f o l l o w a t y p i c a l type 3 r e a c t i o n to pH 
however, the data are i n s u f f i c i e n t f o r more d e t a i l e d comments. 
Comparisons of these r e a c t i o n types w i t h the data i n Table 6.11-1 
suggests t h a t r e a c t i o n type 3 coincides w i t h those species w i t h a c u r t a i l e d 
d i s t r i b u t i o n r e s t r i c t e d to pH values below 4.0 and t h a t r e a c t i o n type 1 i s 
t r u e f o r the m a j o r i t y of the more ubiquitous species as i d e n t i f i e d i n the 
t a b l e . Reaction types 2 and 4 may be e x h i b i t e d by species belonging t o e i t h e r 
o f these two main r e a c t i o n groups. 
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Chapter 5 Acid s i t e s 
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5.1 S i t e l i s t production 
5.11 Introduction 
Chapter 5 contains the r e s u l t s of an analysis o f the s i t e s defined as 
being a c i d i c . I n 5.1 these s i t e s w i l l be presented i n geograjAiical terms 
using the i n f o r m a t i o n contained i n SIEUR. The r e s u l t s of the various analyses 
performed on the data associated w i t h these s i t e s w i l l be presented i n 5.2. 
The a c i d s i t e dataset was produced by performing a "bysar" expansion of 
the 269 acid water chemistries found on i s s u i n g the basic query pH-fld <= 4.0. 
It i e r e s u l t i n g water chemistries have been used to describe the c h a n i s t r y of 
the reaches i n more d e t a i l and t o g i v e some idea of the range of c h a n i s t r i e s 
i t i s p o s s i b l e to o b t a i n even w i t h as severe a r e s t r i c t i o n as t h a t imposed by 
the basic query. 
5.12 Geographical notes 
Table 5.12-1 summarises the geographical data to be found i n SIEUR 
concerning the a c i d s i t e s . 
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Table 5.12-1 Cpp^^^-^S^) 
Geographical d e t a i l s present i n SliiJR (June 1980) associated w i t h the aci d 
s i t e s 
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T a b l e 5.12-1 
U n i t e d Kingdoo (0nnn) 
0022 Red burn Wear b a s i n 
01 NZ 999999, 99.99 99.99 
0066 "Lowlands a c i d s i t e " Wear b a s i n 
01 NZ 133252, 54.37 01.48 
0100 Dowganq burn Tvne b a s i n 30 NY 780435, 54.47 02.20 
0109 Dowgang burn a d i t Tyne b a s i n 
01 NY 776424, 54.46 02.21 
0119 "Rake s i k e A" Wear b a s i n 
01 NY 808435, 54.47 02.18 
0120 "Rake s i k e B" Wear b a s i n 
01 NY 808434, 54.47 02.18 
0125 "Brandon P i t h o u s e a c i d s t r e a m B° Wear b a s i n 
01 NZ 215404, 54.45 01.39 
01 NZ 212404, 54.45 01.40 
0127 "Brandon P i t h o u s e a c i d s t r e a m A" Wear b a s i n 
02 NZ 214406, 54.45 01.40 03 NZ 215406, 54.45 01.40 04 NZ 215406, 54.45 01.39 05 NZ 216406, 54.45 01.40 06 NZ 215407, 54.45 01.40 07 NZ 215407, 54.45 01.40 08 NZ 216408, 54.45 01,40 09 NZ 217409, 54.45 01.40 10 NZ 217410, 54.45 01.40 / ' 11 NZ 216411, 54.45 01.40 / 12 NZ 218415, 54.45 01.40 ^ • 13 NZ 218416, 54.46 01.40 
0123 " W a l k r a i l l a c i d s t r e a m " Ehen b a s i n 
01 NY 007188, 54.33 03.31 02 NY 007187, 54.33 03.31 03 NY 006187, 54.33 03.31 
0129 " O a t l a n d s a c i d s t r e a m " Ehen b a s i n 
01 NY 025216, 54.34 03.30 02 NY 025215, 54.34 03.30 
0130 "Rowley a c i d s t r e a m A" R i b b l e b a s i n 
01 SD 861333, 53.47 02.12 02 SD 860334, 53.47 02.12 03 SD 859335, 53.47 02.12 04 SD 857337, 53.47 02.12 
0131 " D e e r p l a y a c i d s t r e a m " Humber b a s i n 01 SD 869267, 53.44 02.10 02 SD 868266, 53.44 02.11 03 SD 867264, 53.44 32.12 
0132 " C h i s n a l l H a l l a c i d s t r e a m A" R i b b l e b a s i n 01 SD 553126, 53.36 02.40 
02 SD 553128, 53.36 02.40 03 SD 552126, 53.36 02.40 04 SD 546127, 53.36 02.41 • 05 SD 542127, 53.36 02.41 06 SD 545127, 53.36 02.41 07 SD 548125, 53.36 02.41 
0133 "Welsh W h i t t l e a c i d s t r e a m " R i b b l e b a s i n 01 SD 545135, 53.37 02.41 
0134 " G i b f i e l d a c i d s t r e a m " Mersey b a s i n 01 SD 661023, 53.30 02.30 02 SD 660022, 53.30 02.31 03 SD 659022, 53.30 02.30 04 SD 659023, 53.30 02.30 
0135 "Denby a c i d s t r e a m A" T r e n t b a s i n 01 SD 392483, 53.55 01.25 
02 SD 393484, 53.55 01.25 03 SD 394483, 53.55 01.25 04 SD 395483, 53.55 01.25 
0136 "Cannock open c a s t e a c i d s t r e a m " T r e n t b a s i n 
01 S J 990083, 52.40 02.00 
0137 " P o l e s w o r t h a c i d s t r e a m " T r e n t b a s i n 
01 SK 257038, 52.38 02.42 02 SK 255039, 52.38 02.42 03 SK 253042, 52.38 02.42 
0138 " B r i d f o r d a c i d s t r e a m " T e i g n b a s i n 01 SX 816854, 50.41 03.39 02 SX 817855, 50.41 03.39 03 SX 817856, 50.41 03.39 
0139 " B i r c h Coppice a c i d s t r e a m " T r e n t b a s i n 
01 SP 255001, 52.36 02.38 02 SP 253001, 52.36 02.38 03 SP 254001, 52.36 02.38 
0140 " K i n g s b u r y a c i d s t r e a m " T r e n t b a s i n 01 SP 233986, 52.35 01.38 
02 SP 232985, 52.35 01.38 03 SP 232984, 52.35 01.38 
0157 " W e s t f i e l d : s t r e a m s o u t h of main s l u r r y lagoon" bbbbbb b a s i n 10 ZZ 999999, 99.99 99.99 20 ZZ 999999 99.99 99.99 01 ZZ 999999, 99.99 99.99 
0154 " W e s t f i e l d : l . h . f l u s h S.E. of main s l u r r y lagoon" bbbbbb b a s i n 01 ZZ 999999, 99.99 99.99 
0157 "Rowley a c i d s t r e a m B" R i b b l e b a s i n 
05 SD 658331, 53.47 02.12 06 SD 857332 53.47 02.12 07 SD 856334, 53.47 02.13 
0158 " C h i s n a l l H a l l a c i d s t r e a m B" R i b b l e b a s i n 
08 SD 549125, 53.36 02.40 
0159 " C h i s n a l l H a l l a c i d s t r e a m c" R i b b l e b a s i n 
09 SD 549126, 53.36 02.40 
0160 "Denby a c i d s t r e a m B" T r e n t b a s i n 
05 SD 392485, 53.55 01.25 06 SD 392485, 53.55 01.25 
0213 " P a r y s i r o n f l u s h " Afon Goch " E a s t " b a s i n 01 Sfl 443899, 53.22 04.20 
0214 " P a r y s lagoons B" Afon Goch " E a s t " b a s i n 21 SB 443899, 53.22 04.20 
0215 " P a r y s l a g o o n s A" Afon Goch " E a s t " b a s i n 01 SB 448905, 53.22 04.20 15 SH 449905, 53.22 04.20 
0216 Afon Goch " E a s t " Afon Goch " E a s t " b a s i n 
15 SH 454893, 53.22 04.19 
50 SH 886446, 53.21 15.20 
0217 D y f f r y n Adda a d i t Afon Goch " n o r t h " b a s i n 
01 SH 437913, 53,23 04.21 
0218 " P a r y s s o u t h west a d i t " Afon Goch " E a s t " b a s i n 
01 SH 438897, 53.22 04.21 
0220 "Adeer f a c t o r y e f f l u e n t 8" Garnock b a s i n / 03 NS 298396, 55.37 04.42 15 NS 298396, 55.37 04.42 
0221 "Adeer f a c t o r y e f f l u e n t 9° Garnock b a s i n 05 NS 298396, 55.37 04.42 
B e l g i u m ( I n n n ) 
1004 B o i s de c o r n i l l o n s t r e a m A Maas b a s i n 
01 2550/56092, 50.35 5.32 
I r e l a n d (2nnn) 
2003 " T i g r o n e y 850 A" Avoca b a s i n 01 32031826, 52.52 06.12 
2004 " T i q r o n e y 850 B" Avoca b a s i n 
01 32031826, 52.52 06.12 
2006 T i g r o n e y g r a s s l e v e l Avoca b a s i n 
01 32041831, 52.52 06.12 
2007 T i g r o n e y b a r r a c k l e v e l Avoca b a s i n 
01 32041831, 52.52 06.12 02 32041831, 52.52 06.12 03 32041831, 52.52 06.12 
2014 " T i g r o n e y 850 c" Avoca b a s i n 
01 32031626, 52.52 06.12 
2015 "Red road s t r e a m " Avoca b a s i n 
10 31961808, 52.51 06.13 
F r a n c e (3nnn) 
3016 "Soussu seepage s t r e a m " Adour b a s i n 01 4023-750, 43.40 01.00 03 4023-750,- 43.40 01.00 
U n i t e d S t a t e s o f A m e r i c a (9nnn) 
9001 T r i b u t a r y of B u r r a B u r r a c r e e k bbbbbb b a s i n 
01 99999/99999, 99.99 99.99 
9004 " S h i n n s t o n b i g elm t r i c k l e " bbbbbb b a s i n 01 99999/99999, 99.99 99.99 
9005 "Lumberport b r i d g e road t r i c k l e " bbbbbb b a s i n 
01 99999/99999, 99.99 99.99 
9006 "Lambert's run w a t e r s h e d " bbbbbb b a s i n 
01 99999/99999, 99.99 99.99 
9007 " E a s t Morqantown s t r e a m " bbbbbb b a s i n 
10 99999/99999, 99.99 99.99 
9008 Lemonade c r e e k bbbbbb b a s i n 45 99999/99999, 44.48 110.43 48 99999/99999, 44.48 110.43 50 99999/99999, 44.48 110.43 52 99999/99999, 44.48 110.43 
9009 T a n t a l u s c r e e k bbbbbb b a s i n 
20 99999/99999, 44.44 110.42 
9010 Root pool o u t f l o w bbbbbb b a s i n 
02 99999/99999, 44.44 110.42 
9011 " T r i b u t a r y of ne a r Monarch G e y s e r s t r e a m B" bbbbbb b a s i n 
01 99999/99999, 44.44 110.42 
9012 "Near Monarch G e y s e r s t r e a m A" bbbbbb b a s i n 
01 99999/99999, 44.44 110.42 
03 .99999/99999, 44.44 110.42 
9316 West f o r k r . h . t r i b u t a r y bbbbbb b a s i n 99 99999/99999, 99.99 99.99 
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5.2 Chemistry sunmaries and exceptional s i t e s 
5.21 Introduction 
I n t h i s s e c t i o n the acid s i t e s obtained by tne procedures described i n 
Section 4.15 are o u t l i n e d i n terms o f t h e i r chemistries using the t o t a l data 
present i n SIEUR. Sites f o r wtiich there i s o n l y one water chemistry have been 
ignored. 
5.22 Acid s i t e data chemistry sinmaries 
The common logariOims of the maximum, minimun and mean f o r a l l tli e 
v a r i a b l e s wtiich have been measured a t any s i t e more than twice i s presented as 
the sequence of diagrams l a b e l l e d Table 5.22-1. 'Ihe v a r i a b l e s u b s t i t u t i o n 
technique described i n Section 2.22 has been employed i n generating the data 
and values found a t t l i e d e t e c t i o n l i m i t have been ignored, 'ihe s i t e s have 
been sorted i n t o decreasing order of range maxima except f o r pH which i s 
ordered by increasing range minima. 
I n general the diagrams f o r the c a t i o n s show wide ranges f o r s i t e s 
placed a t the two ends of the diagrams, w i t h the s i t e s a t the lower end (to 
the r i g h t i n a l l diagrams except t h a t f o r pH) having the widest range (e.g. 
K). I n c o n t r a s t the s i t e s show a constant wide range f o r anions, with s i t e s 
sampled more f r e q u e n t l y having t i i e l a r g e s t ranges (e.g. PO4-P and SO4-S). 
The wide range f o r anions a t s i t e s have been a t t r i b u t e d by Hargreaves to 
seasonal f l o w v a r i a t i o n s , so much so t h a t the s i t e s i n summer may be 
considered eutrophic (Hargreaves, 1977) . The diagrams f o r c o n d u c t i v i t y , pH 
and a c i d i t y f o l l o w the p a t t e r n f o r c a t i o n s . 
I t i e diagram f o r c o n d u c t i v i t y suggests t h a t 6 s i t e s (0139 B i r c h Coppice, 
0136.01 Cannock, 0160.05 & 0160.06 Denby, 0127.01 Brandon and t o a lesser 
e x t e n t 0130.01 & 0130.03 Rowley) have l a r g e range v a r i a t i o n s . Other reaches 
a t these s i t e s show no such wide v a r i a t i o n s , suggesting t h a t these data may be 
anomalous. The high mean value f o r the Brandon 01 s i t e i n d i c a t e s the 
n e g l i g i b l e e f f e c t of the one low c o n d u c t i v i t y value, which i s almost c e r t a i n l y 
an e r r o r i n the data since Hargreaves does not comment on i t and i t plays no 
p a r t i n h i s Table 5.1 e n t r y f o r minimum c o n d u c t i v i t y v ^ i c h i s quoted as being 
1350 although the minimun value t o be seen i n the t a b l e i s the value found in 
SIEUR namely 700 ( p c o n d u c t i v i t y 2.8). The o n l y s i t e which cannot be checked 
i n these ways i s Denby Stream B (0160), the high values here are associated 
Section 5.22 
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Table 5.22-1 C p p l f c l - l b S ^ 
Chemical and p h y s i c a l parameters drawn from SIEUR (June 1980) i r r e s p e c t i v e o f 
pH f o r the acid s i t e s 
Notes: 
1. a l l scales are log-.^x whore x I B i n the i m i t s of 
Table 4.13-1 p. 93. 
2. number of records are at the t o p . 
3. s s s s . r r stream and reach numbers are at the 
bottom. 
Section 5.22 
6 , 6 , 6 . 6 . 5 . 5 , S . 5 . 4 . H . 11 . 
H . 3 . 3 . 3 . 3 . 2 . 2 . 2 . 2 . 2 . 
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P H _ F L D 
4 . 4 8 4 . 3 6 4 4 4 . 3 , 3 , 3 3 . 3 , 3 . 3 , 3 , 3 . 2 , 2 . 2 . 2 . 2 , 2 . 2 . 
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the summer sampling and the low value w i t h the winter sampling and i s 
almost c e r t a i n l y a f f e c t e d by the high f l o w regime of w i n t e r , a f a c t wtiich i n 
general may account f o r the v a r i a b l e range {*enomenon f o r c o n d u c t i v i t y . The 
diagram f o r pH show 9 s i t e s which cross u n i t boundaries, w i t h 0127.08 being 
remarkable i n t h a t i t ranges from below pH 3.0 to above pH 6.0. Of these 9 
s i t e s 8 are a t Brandon (reaches 08 - 13 and 0125.01 Brandon Pithouse Stream B) 
and one a t Dowgang (0100.30). The diagram f o r K i s i n t e r e s t i n g i n t h a t i t 
shows 12 Brandon Pithouse Stream A s i t e s a t the l e f t of the diagram, 
e x h i b i t i n g i n a d d i t i o n very wide range v a r i a t i o n s . The o n l y Brandon s i t e s not 
there are 0125.01 and 0127.01 although these appear to have the c h a r a c t e r i s t i c 
f e a t u r e of a wide range v a r i a t i o n f o r K. Whether t h i s i s a feature of the 
Brandon s i t e or an a r t e f a c t r equires a d d i t i o n a l research. Inspection of the 
diagram f o r Mg shows t h a t the s i t e s w i t h the l a r g e s t ranges are the Brandon 
s i t e s (02 - 13). Ah)sent from t h i s group are 0127.01 and 0125.01. The high 
mean values f o r a l l these s i t e s suggests t h a t the occasional low values have 
i n r e a l i t y a n e g l i g i b l e e f f e c t on the o v e r a l l high Mg regime. The diagram f o r 
Ca i s made remarkable by the rapid f a l l i n Ca maxima below pCa 1.39, and the 
s i t e s which c h a r a c t e r i s e the low Ca are the Avoca Basin streams 2003, 2004, 
2006 and 2007. The diagrams f o r Zn and Cu show the Avoca s i t e s a t the l e f t 
i n d i c a t i n g high l e v e l s f o r these elanents, w i t h g e n e r a l l y wide range 
v a r i a t i o n s as w e l l . The Mn diagram shows d i s c o n t i n u i t i e s over u n i t boundaries 
w i t h l i t t l e range v a r i a t i o n outside an order of magnitude. The diagrams f o r 
Fe, Co and Ni are unremarkable except f o r the r e l a t i v e l y high values and wider 
v a r i a t i o n s t o be found a t the lower end of the v a r i a b l e ranges. The diagram 
f o r Pb i s unremarkable except t h a t the range v a r i a t i o n s are considerable and 
the low mean f o r the Brandon s i t e s suggest t h a t high Pb i s the exception 
ra t h e r than the r u l e f o r Brandon. I n c o n t r a s t t o the r e s t of the anions the 
v a r i a t i o n i n the ranges of SO^ -S are r e l a t i v e l y s m a l l , r a r e l y spanning an 
order of magnitude. B i r c h Coppice acid stream (0139) has the highest SO4-S 
regime and also the highest l e v e l s f o r a m a j o r i t y of the cations and other 
v a r i a b l e s . The Avoca s i t e s are marked out by t h e i r high Cu and Zn and low Ca 
values. The Brandon s i t e s are e s p e c i a l l y marked out by t h e i r high K and Mg 
values. 
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6.1 Species l i s t generation and descriptive s t a t i s t i c s 
6.11 Introduction 
Acid species are those found i n aggregate b i o l o g i e s on performing a 
"bydate" expansion of acid c h e m i s t r i e s , produced by the query fld-pH <= 4.0. 
This s e c t i o n presents these 91 species i n Table 6.11-1 and sunmarises 
some of them i n terms o f t h e i r associated environmental chemistries and gives 
a b r i e f d e s c r i p t i o n of them i n terms of t h e i r importance to the acid study. 
Itie chemical data, which are used to describe these species are drawn 
from SIEUR i r r e s p e c t i v e o f pH. There are no d e s c r i p t i o n s presented i n t h i s 
t h e s i s of the s i t e s above pH 4.0 vAiich c o n t r i b u t e t o t h i s synthesis. 
Section 6.11 
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Table 6.11-1 




W.D.U. Durban n P« 
02 021301 5 2.25 
030206 030203 101 1.41 
030401 030401 6 2.50 
040200 040250 5 2.50 
081301 081501 53 1.80 
080000 089950 0 4.00 
0800— 089952 1 3.70 
110404 090302 0 2.52 
110609 090404 0 2.52 
1106— 090405 1 3.10 
120107 100101 0 2.30 
120100 100150 0 2.90 
120114 100171 0 2.10 
120113 100175 0 2.30 
1211— 100602 0 2.52 
121324 100870 0 2.52 
121309 100871 0 2.10 
121301 100873 0 2.30 
121321 100876 0 2.52 
121305 100877 0 2.30 
121501 101071 0 2.12 
122002 101301 44 2.20 
1220— 101302 1 3.10 
122100 101450 0 2.52 
123902 101472 0 2.40 
122311 101505 2 3.10 
122311 101570 4 3.10 
1227— 101801 0 3.10 
1227— 101802 0 2.52 
122700 101850 1 2.40 
1227— 101874 2 2.52 
1227— 101875 0 2.33 
1227— 101878 1 3.00 
1230— 101904 3 2.52 
123000 101950 0 3.05 
1230— 101970 1 2.50 
1230— 101971 29 2.50 
123B03 101974 0 2.52 
1230— 101978 2 3.10 
1230— 101984 22 2.50 
1230— 101987 4 2.60 
123300 102050 1 3.05 
123301 102069 59 1.58 
1233— 102070 0 2.52 
1233— 102071 0 3.10 
1233— 102373 1 3.30 
1233— 102076 4 3.10 
123311 102078 3 2.50 
1233— 102079 2 3.70 
1233— 102080 1 3.80 
123501 102201 0 2.52 
123908 102403 0 2.52 
124002 102502 0 2.10 
120000 109950 1 1.41 
1229— 109969 2 3.73 
1208— 109972 0 2.52 
120501 109973 3 3.10 
1205— 109974 1 3.10 
1205— 109986 0 2.10 
213000 12285B 30 2.10 
1506— 130481 13 1.80 
1SO600 130450 6 2.25 
160500 140450 13 1.50 
160600 140550 9 0.90 
171933 152902 31 2.30 
1719— 152905 4 2.25 
1719— 152906 2 2.60 
172201 153302 3 3.25 
172901 154201 1 1.41 
1731— 154452 4 1.80 
1731— 154453 4 1.41 
1731— 154454 2 2.50 
1731— 154455 8 0.90 
173410 154703 1 3.00 
341001 220301 1 2.60 
322630 232150 20 2.50 
3229— 232302 6 2.60 
326109 234 304 1 3.80 
3261— 234369 1 3.30 
322831 236031 1 3.80 
320000 239950 4 2.20 
383010 251302 1 2.70 
383801 251B01 1 2.20 
384902 252502 1 2.50 
380200 253050 1 4.00 
319'.'49 1 2.40 — 319"50 6 1.50 — 329946 12 2.25 — 3^ 9964 2 3.7il — 329906 2 1.41 
— 3^ '9968 4 2.10 
Durhan auttnrities Species bimalal and auUni iUes 
Cyanidlum raldarium (Tilden) Geitler 
Lty/Jenj .nutabijis tk-tunitz 
Lo(Jjcincl is ovum (Ehreiibtrg) Lanmennann 
CtypUnonas sp. 
GluocchrysTs turCosa (Pjscher) Bourrelly 
Chrys^tiiyta, yenur. nit knom, sp. 
Clirysrtphyta, palmelloid, > 8 nuiti long 
Cyclotcl ]a niene<jhiniana Kutziixj 
M<jlosiia~varians Agardh 
Melosira" cTistans (Lhrenbtrg) Kutzing 
Achnahthes Uexella (Kutzirig) J . Brunnthaler 
Ai-hnajitties sp. 
AcTinanthes minutissima Kutzing 
Achiianthes nucrocephala (Kutzing) Grunow 
CocToneis piacentuJa Ehrenberg 
Cynbella'ventiicosa Kutzing 
C/nibella dej iculata Kutzing 
Cyinbelja attinis Kutzing 
Cymbella sinuata Gregory 
CYmbella cesatii (Rabenhorst) Grunow 
Diatonia elongatum (Lyngbye) Agardh 
Eunotia exigua "(brebisson) Grunow 
Eunotia lunarTs (Ehreriierg) Grunow 
Kragilaria sp. 
FraqiJaria (Syn3dra)l amphicephala Kutzing 
Gornpiioneiiia olivaceum (Lyngbye) Kutzing 
Goinphonenia paivulum (Kutzing) Gru.-»w 
Navicufa avenacea Brebisson 
Navicula cryptocephala Kutzing + gregaria tonkin 
Navicula sp 
Navicula mutica Kutzinq (J.R.C.) 
Havicula mediocris Krasske (J.R.C.) 
Naviruia nival is Ehrenberg (J.R.C.) 
Nitzschia palea (Kutzing) W. Smith + paleacea Grunow 
Nitzschia sp. 
Nitzschia ovalis Arrett 
( P . J . S . . J . R . C . ) 
(J.R.C.) 







( P . J . S . , J . R . C . ) 
(J.W.H.,J.R.C.) 
{J.W.H..J.R.C.) 





( P . J . S . . J . R . C . ) 
(P .J .3 . . J .R .C . ) 
( P . J . S . . J . K . C . ) 
(J.R.C.) 
(J.W.H. . J . R . C . ) 
(J.H.C.) 
(J.R.C.) 
( P . J . S . . J . R . C . ) 
( P . J . S . . J . R . C . ) 
( P . J . S . . J . R . C . ) 
( P . J . S . . J . R . C . ) 
(J.R.C.) 
Nitzschia subcapitellata Hustedt 
Nitzschia amphibia Grunow 




pfnnulat ia acoricoja Hustedt 
Pinnularla appendiculaea (/^ardh) Cleve 
pinnujaria boreal is Ehrenberg 
pinnularla subcapitata Greijory 
pinnularia braunii (Grunow) Cleve 
pinnularia microstauion (Ehrenberg) Cleve 
Pinmilail i variabnTs A. Cleve 
pinnularia terniitin.j (Ehrenborg) Patrick 
Tui-Tcospiicnia cuivJta (Kutzing) Ehrenberg 
Synedra ulna (Nit'zscTi) fiirenber.j 
taboilana flocculosa (Roth) Kutzing 
peniwles, genus not Tiiown. sp. 
Neidium alpinum Hustedt 
Calcneis lagerstedtii (Lagerstedt) Cholnoky 
Anomoeoneis ex i l l s (Kutzing) Cleve 
t'rustulia rhtMnboides Ehrenberg not var saxonica 
Antniieoneis serians (Brebisson) Cleve 
Zy-uogonium sp 
CHl"aiaydcm>nas acidophila Negoro 
Chi anydomonas sp. 
Chjraciun sp 
Chlorella sp. 
Hotmicium iivulare Kutzing 
Hormidium pseudostichococcus Meeting 
Hormidium vuJcanun Negoro 
Microt-hamnion KuetziP'iianum Nag e l l 
Hosenvingiella pojyrhiza (Hosenvlnqe) s i lva 
!;tich^--roccus ce l l s roIiSJed, > 1 <= 2 nrnn 
Stichococcus ce l l s rounded, > 2 mun 
!;tichr.co"ccus cel ls + cylindrical <= 2 muii 
Stichococcus ce l l s + cylindrical > 2 <= 4 mm 
Ujothrix zon.-ita (Weber & Mirh) Kutzing 
Ccphaiozia bicuspidata (Linnaeus) Dunortier 
DicraneJ fa sp. 
brppanoclddus fluitans (Hedwig) v^rnstein 
Pi'-ttj i a nutanri (Modwig) Lindbetg 
pobiia r r u d J (Hedwig) Lindberg (B.A.W.) 
Ditrichlim cyl indricmi (Hedwig) Grout 
M J S S , genus nit knowTi sp. 
Juncus ottusus Lianaeus 
Phvarjmiti.3 aa i tral i s (Cav.) Trinnius ex Steud. 
'Fypha Jatltol ia Lifinaeus 
A-juiatTir sp 
l rol'atyi>te heterotroptis, genus m>t above 
Pfi>kary~'te hettTotrojihs, gonas ivit kni^ wn, sp. 
Eukai yi>te oiliiirli>:-,:-, hetPfotrofjUs asc.inycte, 
Eukar '^ T'te ciilrui le:.:i [uJtTotrophs aquatic hytomycece 
c;uk.ir>^ >te coli»urle:is lioter*'>trophs ;^5ic^ -jmycetc, 
int )'Cjr.t 
Eukiiryire colour It.-:;:-, he'tetotrojiii y_*ast 
